Sepsis-Associated Disseminated Intravascular Coagulation and Thromboembolic Disease by Semeraro, Nicola et al.
Medit J Hemat Infect Dis 2010; 2(3); Open Journal System 
MEDITERRANEAN JOURNAL OF HEMATOLOGY AND INFECTIOUS DISEASES
Review article
Sepsis-Associated  Dissemin
Thromboembolic Disease
Nicola Semeraro, Concetta T. Ammollo, Fabrizio Semeraro and Mario Colucci
Department of Biomedical Sciences and Human Oncology, Section of General and Experimental Pathology, 
University of Bari, Bari, Italy.
Correspondence to: Prof. Nicola Semeraro, M.D., Ph.D. Dipartimento di Scienze Biomediche e Oncologia 
Umana, Sezione di Patologia Generale, Università degli Studi di Bari 
70124 Bari, Italy. Tel.: +39 080 5478468; Fax: +39 080
Competing interests: The author have declared th
Published: August 13, 2010
Received: August 3, 2010
Accepted: August 8, 2010
Medit J Hemat Infect Dis 2010, 2(3): e2010024, 
This article is available from: http://www.mjhid.org/article/view/6265
This  is  an  Open  Access  article  distributed  under  the  terms  of  the
(http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly cited.
   
Abstract
Sepsis  is  almost  invariably  associated  with  haemostatic  abnormalities  ranging  from 
subclinical  activation  of  blood  coagulation  (hypercoagulability),  which  may  contribute  to 
localized venous thromboembolism, to acute disseminated intravascular coagulation (
characterized  by  massive  thrombin  formation  and  widespread  microvascular  thrombosis, 
partly  responsible  of  the  multiple  organ  dysfunction  syndrome  (MODS),  and  subsequent 
consumption  of  platelets  and  coagulation  proteins  causing,  in  most  severe  cases,
manifestations. There is general agreement that the key event underlying this life
sepsis complication is the overwhelming inflammatory host response to the infectious agent 
leading to the overexpression of inflammatory mediators. Mec
with the micro-organism and its derivatives, causes DIC by 1) up
molecules, primarily tissue factor (TF), which is produced mainly by stimulated monocytes
macrophages  and  by  specific  cells  in  ta
anticoagulant pathways (antithrombin, protein C pathway, tissue factor pathway inhibitor), 
which is orchestrated mainly by dysfunctional endothelial cells (ECs); and 3) suppression of 
fibrinolysis due to increased plasminogen activator inhibitor
to  thrombin-mediated  activation  of  thrombin
Notably,  clotting  enzymes  non  only  lead  to  microvascular  thrombosis  but  can  also  elicit 
cellular responses that amplify the inflammatory reactions. Inflammatory mediators can also 
cause,  directly  or  indirectly,  cell  apoptosis  or  necrosis  and  recent  evidence  indicates  that 
products  released  from  dead  cells,  such  as  nuclear  proteins  (particularly  extracellu
histones), are able to propagate further inflammation, coagulation,  cell death and MODS. 
These  insights into the pathogenetic  mechanisms of DIC and MODS  may have  important 
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Sepsis  is  almost  invariably  associated  with  haemostatic  abnormalities  ranging  from 
subclinical  activation  of  blood  coagulation  (hypercoagulability),  which  may  contribute  to 
localized venous thromboembolism, to acute disseminated intravascular coagulation (
characterized  by  massive  thrombin  formation  and  widespread  microvascular  thrombosis, 
partly  responsible  of  the  multiple  organ  dysfunction  syndrome  (MODS),  and  subsequent 
consumption  of  platelets  and  coagulation  proteins  causing,  in  most  severe  cases,
manifestations. There is general agreement that the key event underlying this life
sepsis complication is the overwhelming inflammatory host response to the infectious agent 
leading to the overexpression of inflammatory mediators. Mechanistically, the latter, together 
organism and its derivatives, causes DIC by 1) up-regulation of procoagulant 
molecules, primarily tissue factor (TF), which is produced mainly by stimulated monocytes
macrophages  and  by  specific  cells  in  target  tissues;  2)  impairment  of  physiological 
anticoagulant pathways (antithrombin, protein C pathway, tissue factor pathway inhibitor), 
which is orchestrated mainly by dysfunctional endothelial cells (ECs); and 3) suppression of 
ed plasminogen activator inhibitor-1 (PAI-1) by ECs and likely also 
mediated  activation  of  thrombin-activatable  fibrinolysis  inhibitor  (TAFI). 
Notably,  clotting  enzymes  non  only  lead  to  microvascular  thrombosis  but  can  also  elicit 
onses that amplify the inflammatory reactions. Inflammatory mediators can also 
cause,  directly  or  indirectly,  cell  apoptosis  or  necrosis  and  recent  evidence  indicates  that 
products  released  from  dead  cells,  such  as  nuclear  proteins  (particularly  extracellu
histones), are able to propagate further inflammation, coagulation,  cell death and MODS. 
These  insights into the pathogenetic  mechanisms of  DIC and MODS  may have  important 
MEDITERRANEAN JOURNAL OF HEMATOLOGY AND INFECTIOUS DISEASES
Coagulation  and 
Department of Biomedical Sciences and Human Oncology, Section of General and Experimental Pathology, 
Prof. Nicola Semeraro, M.D., Ph.D. Dipartimento di Scienze Biomediche e Oncologia 
Policlinico, Piazza G. Cesare, 11. 
semeraro@dimo.uniba.it
Creative  Commons  Attribution  License
which permits unrestricted use, distribution, and reproduction in any medium, provided
Sepsis  is  almost  invariably  associated  with  haemostatic  abnormalities  ranging  from 
subclinical  activation  of  blood  coagulation  (hypercoagulability),  which  may  contribute  to 
localized venous thromboembolism, to acute disseminated intravascular coagulation (DIC), 
characterized  by  massive  thrombin  formation  and  widespread  microvascular  thrombosis, 
partly  responsible  of  the  multiple  organ  dysfunction  syndrome  (MODS),  and  subsequent 
consumption  of  platelets  and  coagulation  proteins  causing,  in  most  severe  cases, bleeding 
manifestations. There is general agreement that the key event underlying this life-threatening 
sepsis complication is the overwhelming inflammatory host response to the infectious agent 
hanistically, the latter, together 
regulation of procoagulant 
molecules, primarily tissue factor (TF), which is produced mainly by stimulated monocytes-
rget  tissues;  2)  impairment  of  physiological 
anticoagulant pathways (antithrombin, protein C pathway, tissue factor pathway inhibitor), 
which is orchestrated mainly by dysfunctional endothelial cells (ECs); and 3) suppression of 
1) by ECs and likely also 
activatable  fibrinolysis  inhibitor  (TAFI). 
Notably,  clotting  enzymes  non  only  lead  to  microvascular  thrombosis  but  can  also  elicit 
onses that amplify the inflammatory reactions. Inflammatory mediators can also 
cause,  directly  or  indirectly,  cell  apoptosis  or  necrosis  and  recent  evidence  indicates  that 
products  released  from  dead  cells,  such  as  nuclear  proteins  (particularly  extracellular 
histones), are able to propagate further inflammation, coagulation, cell death and MODS. 
These  insights into the  pathogenetic  mechanisms of DIC and MODS  may have important Medit J Hemat Infect Dis 2010; 2(3); Open Journal System 
implications for the development of new therapeutic agents that could be potentially useful 
particularly for the management of severe sepsis.
Introduction:  Sepsis  is  a  serious  and  relatively 
common disorder and represents the leading cause 
of  mortality  in  non-coronary  intensive  care  units 
worldwide.  Sepsis  is  almost  invariably  associated 
with  haemostatic  abnormalities  ranging  from 
isolated  thrombocytopenia  and/or  subclinical 
activation  of  blood  coagulation  (hyper-
coagulability),  to  sustained  systemic  clotting 
activation  with  massive  thrombin  and  fibrin 
formation and subsequent consumption of platelets 
and  proteins  of  the  haemostatic  system  (acute 
disseminated  intravascular  coagulation,  DIC).
1
From  a  clinical  standpoint,  isolated 
thrombocytopenia,  which   is  seen mainly in  viral 
infections,  is  only occasionally serious  enough  to 
cause  a  bleeding  diathesis.  Although  it  may  be 
immune mediated, other non immune pathogenetic 
mechanisms might be involved, including decreased 
thrombopoiesis, direct interaction of the virus with 
platelets and increased sequestration by the spleen 
or at the endothelial level due, for instance, to virus-
induced  endothelial  injury.
2 Septic  patients  may 
also  present  with  localized  thrombotic 
manifestations. Several studies, indeed, have shown 
that patients with severe infectious diseases are at 
increased  risk  for  venous  thrombosis  and 
pulmonary  embolism.
3-5 The  most  common  and 
dramatic clinical feature of sepsis-associated DIC, 
however,  is  widespread  thrombosis  in  the 
microcirculation  of different  organs  which  may 
importantly contribute to solitary or multiple organ 
dysfunction. The development of the multiple organ 
dysfunction  syndrome  (MODS)  is  a  major 
determinant  of  mortality  in  sepsis.
1,2,6 Therefore, 
health care providers must be aware of the signs of 
organ  dysfunction  and  specifically  look  for  the 
occurrence of this complication. In fulminant DIC, 
the  consumption  and  subsequent  exhaustion  of 
platelets  and  coagulation  proteins  will  result  in 
simultaneous bleeding of different severity, ranging 
from oozing at arterial or venous puncture sites to 
profuse  haemorrhage  from  various  sites.  DIC  is 
classically associated with Gram negative bacterial 
infections but it can occur with a similar incidence 
in  Gram  positive  sepsis.  Moreover,  systemic 
infections  with  other  micro-organisms,  such  as 
viruses,  Rickettsiae and  even  parasites  (e.g. 
Plasmodium falciparum) may also result in DIC.
6
The pathophysiology of sepsis-associated DIC 
is extremely complex and still represents a matter of 
extensive  investigation.  The  key  event  is  the 
systemic  inflammatory  response  to  the  infectious 
agent.
7,8 The  causative  micro-organisms  express 
unique cellular constituents not found in vertebrate 
animals,  now  referred  to  as  pathogen-associated 
molecular  patterns  (PAMPs),  or  microbial-
associated  molecular  patterns  (for  example 
endotoxin  or  lipopolysaccharide,  LPS).  Moreover, 
during infection, inflammation or stress, host cell-
derived  factors  are  generated  as  “danger  signals” 
(alarmins)  which,  together  with  PAMPs,  are 
referred to as danger-associated molecular patterns 
(DAMPs).  These  elements  are  recognized  via 
specific  receptors  called  pattern  recognition 
receptors  (PRRs),  among  which  the  Toll-like 
receptors (TLRs) and the complement receptors, by 
immune  and  other  host  cells  (monocytes-
macrophages, platelets and endothelial cells among 
others).  The  subsequent  activation  of  specific 
intracellular  signal-transduction  pathways 
eventually results in the synthesis of a number of 
proteins including proinflammatory cytokines. The 
latter,  together with other mediators generated by 
the inflammatory cascade, including those derived 
from  complement  activation,
9 act  in  concert  with 
the micro-organisms and/or their products to trigger 
the  coagulation  pathways,  DIC  and  organ 
dysfunction.
1,10,11 Interestingly,  enzymes  generated 
during  the  clotting cascade  can  also interact with 
specific  cellular  receptors  thus  eliciting  cell 
responses  that  amplify  the  inflammatory 
reactions.
12,13 Inflammation  can  also  result  in  cell 
apoptosis or necrosis
7 and recent evidence indicates 
that  products  released  from  dead  cells,  such  as 
nuclear  proteins,  are  able  to  propagate  further 
inflammation,  coagulation,  cell  death  and  organ 
failure.
7,14,15 This  article  summarizes  current 
knowledge on the pathogenesis of DIC and multiple 
organ dysfunction and the ensuing development of 
potential therapeutics. 
Pathogenesis  of  sepsis-associated  coagulopathy 
and thrombus formation
In sepsis the causative agent and the associated 
inflammatory  response  drive  fibrin  formation  and 
deposition  by  several  simultaneously  acting 
mechanisms  which  include  1)  up-regulation  of 
procoagulant  pathways,  2)  down-regulation  of 
physiological anticoagulants and 3) suppression of 
fibrinolysis.
1,6,11,16Medit J Hemat Infect Dis 2010; 2(3): Open Journal System
Up-regulation  of  procoagulant  pathways: The 
aberrant in vivo expression  of  TF plays a pivotal 
role  in  the activation  of  blood  coagulation  in  the 
setting  of  sepsis  and  endotoxemia.  Indeed  the 
impairment  of  the  TF  pathway  by  various means 
prevents  blood  clotting  abnormalities  (including 
fibrin  deposition  in  target  tissues)  and,  in  some 
models, also the lethal effects of endotoxemia.
11,17-21
Conversely,  inhibition  of  the  contact  system  by 
anti-factor  XII  antibodies, while  preventing  lethal 
hypotension, does not influence the development of 
DIC  in  septic baboo.
22 The  prevention  of 
hypotension, which is most likely mediated by the 
generation of bradykinin, indicates that activation of 
the contact system does take place in sepsis and is 
likely  elicited  not  only  by  the  micro-organism  or 
endotoxin,  as  originally  thought,  but  also  by 
recently  discovered  mechanisms  including 
polyphosphate release by activated platelets and/or 
by bacteria
23,24 and extracellular RNA derived from 
damaged or necrotic cells.
25 The implication of TF 
in  sepsis-associated  DIC  is  also supported by the 
observation that the plasma levels of the protein are 
increased  in  septic  patients  and  are  generally 
associated with raised concentrations of markers of 
clotting activation.
26-29 Moreover, in some studies, a 
significant correlation was found between TF levels 
and organ dysfunction.
27,29
Despite this evidence, the question remains: what is 
cellular source of TF in sepsis? In vitro, several cell 
types  that  are  haemostatically  inactive  under 
normal conditions, when exposed to a number of 
agonists,  may  undergo  profound  functional 
alterations  that  effectively  transform  their 
membrane into a procoagulant surface. The pivotal 
step causing this  shift  is  the synthesis  and/or  the 
expression  of  TF. Endothelial  cells  (ECs)  and 
mononuclear  phagocytes  have  been  most 
extensively studied in this respect (Figure 1). These 
cells  can be induced to synthesize TF  by  a wide 
variety of stimulating agents or conditions that are 
of pathophysiological importance in sepsis (Table 
1).
10,30-39 Of particular relevance are, besides micro-
organisms  and  their  products  (LPS,  the  most 
powerful TF inducer and a major player in Gram 
negative  sepsis;  peptidoglycan  and  lipotheicoic 
acid, involved in Gram positive sepsis, and several 
exotoxins),  the  pro-inflammatory  cytokines  and 
chemokines,
10,33-35 and the more recently discovered 
high mobility group box-1 (HMGB-1),
39 which will 
be discussed later. It is remarkable that the classical 
anti-inflammatory  cytokines,  namely  IL-4,  IL-10, 
IL-13 are able to inhibit TF synthesis induced by 
inflammatory stimuli, providing further support to 
the  close  relationship  between  inflammation  and 
coagulation.
40 Another important mechanism for TF 
induction  is  provided  by  cellular  interactions, 
including the interaction of ECs or monocytes with 
T-lymphocytes,  natural  killer  cells,  activated 
platelets and  smooth  muscle  cells  (SMCs).
33-35
These  cell-cell  interactions  may  occur  through 
different pathways, such as CD40 ligation on ECs 
and  monocytes  by  CD154  (CD40  ligand)-
expressing  cells  (e.g.  T-lymphocytes,  platelets, 
SMCs), binding of P-selectin glycoprotein ligand-1 
(PSGL-1) on monocytes to P-selectin on activated 
platelets  or  ECs  and  the  production  of  soluble 
mediators,  including  cytokines and  unknown 
factors.
33-35,41 The  observation  that  Plasmodium 
falciparum-infected red cells are able to induce TF 
synthesis in ECs through cell-cell contact provides 
a possible mechanism for triggering coagulation in 
DIC associated with parasitic infections. Of note, 
parasitized red cells also participate in the clotting 
amplification phase by supporting the assembly of 
tenase and prothrombinase complexes.
42
ECs  and  monocytes  may  also  exhibit  other 
properties  promoting  coagulation  events  on  their 
surface, including the production of factor V and of 
a factor V activator and the expression of specific, 
though ill defined, membrane receptors for several 
clotting factors,
33,43 whereby they can propagate the 
coagulation  reactions  till  thrombin  formation. 
Interestingly,  several  inflammatory  mediators, 
including  TNF,  pathogenic  micro-organisms,  LPS 
and complement membrane attack complex C5b-9, 
may  amplify  the  tenase  and  the  prothrombinase 
assembly on the cell surface, eventually leading to 
an  increased  rate  of  thrombin  formation.
33,43 This 
effect  is  likely  due  to  the  change  in  membrane 
asymmetry  (exposure  of  anionic  phospholipids, 
especially  phosphatydilserine)  required  for 
activation of prothrombin (and factor X). Thrombin 
formation  on  the  surface  of  monocytes-
macrophages  may  be  further  facilitated  by  some 
properties unique to these cells. Indeed, monocytes 
constitutively express at their surface elastase  and 
cathepsin  G  that  activate  factor  V  to  Va.
43 The 
generated  active  cofactor  remains  bound  to  cell 
membrane, so that, following factor Xa formation, a 
functionally efficient prothrombinase  complex can 
be assembled on the cell surface. In addition, factor 
Va  bound  to  monocytes  is  protected  from 
inactivation  by  activated  protein  C,
44,45 implying 
that factor Va activity remains sustained on the cell 
surface  and  that  down-regulation  of  monocyte 
prothrombinase  is  impaired.  Because  of this 
complex array of procoagulant properties, perturbed 
ECs  and,  especially,  activated  monocytes-
macrophages  may  provide  a  surface  ontoMedit J Hemat Infect Dis 2010; 2(3): Open Journal System
Figure 1. Up-regulation of Tissue Factor (TF) in Sepsis. Infectious agents, their products, and endogenous inflammatory mediators 
induce TF synthesis in various blood cells as well as the release of TF-bearing microparticles from activated or apoptotic cells. The 
latter may fuse with different cells  and make them capable of activating coagulation. Available evidence point to  monocytes-
macrophages as the most important procoagulant cells in sepsis.
which  the  clotting  pathways  are  initiated  and 
propagated, eventually leading to fibrin formation 
in the cell microenvironment. Fibrin, once formed, 
might function as  a modulator of the coagulation 
response  by  its  ability  to  down-regulate  the  TF 
response  of monocytes  to  LPS  or  other 
inflammatory stimuli.
46
More  recent  in  vitro  studies  have  reported  TF 
expression  by  other  blood  cells,  namely  human 
polymorphonuclear  leukocytes  (neutrophils  and 
eosinophils)  and  platelets  (Figure 1).  Neutrophils 
produce and express functional TF in response to 
inflammatory agents (C5a, bacterial peptide fMLP, 
P-selectin)
47,48 while  eosinophils  contain 
preferentially  in  their  specific  granules  preformed 
TF, which is translocated to the cell membrane upon 
stimulation with platelet activating factor (PAF) or 
with PAF plus GM-CSF.
49 Other studies, however, 
found  that  neither  neutrophils  nor  eosinophils 
express  TF  but  can  acquire  TF  by  binding 
monocyte-derived  microparticles  (MPs).
50-52
Different  groups  have  described  the  presence  of 
appreciable amounts of TF also in human platelets 
and its translocation in the functionally active form 
to the cell surface in response to classical platelet 
agonists such as collagen,  ADP and thrombin.
53,54
As  to  the  origin  of  platelet  TF,  quiescent  and 
stimulated  platelets  have  been  shown  to  express 
variable  levels  of  TF  mRNA  and  protein.
54,55
Moreover,  Schwertz  et  al.
56 demonstrated  that 
human  platelets  contain  TF  pre-mRNA  and  that 
upon  activation  this  is  spliced  into  mRNA  and 
translated  into  protein.  Again,  however,  other 
groups failed to detect any TF protein or activity on 
resting  or  calcium  ionophore-stimulated  human 
platelets.
57,58 Therefore,  TF  expression  by  human 
platelets  and  polymorphonuclear  leukocytes 
remains controversial.
In addition to triggering and propagating blood 
clotting,  ECs,  monocytes-macrophages  and  other 
cells  may  support  coagulation  by  yet  another 
mechanism, namely the formation of microparticles 
(MPs) (Figure 1). Indeed, cell activation by several 
inflammatory stimuli, as well as cell apoptosis, is 
accompanied by the formation and release into the 
extra-cellular  space  of  fragments  of  their  plasma 
membrane named MPs or microvesicles that retain 
the properties of the cells of origin, among which 
TF  and  anionic  phospholipids.
35,59 Interestingly, 
these MPs can be transferred to the surface of other 
cells via  adhesive  receptors (for instance  PSGL-1 
on  leukocyte-derived  MPs  and  P-selectin  on Medit J Hemat Infect Dis 2010; 2(3): Open Journal System
activated  platelets  or  ECs)  and  this  interaction 
results in increased TF activity.
35,59 In this way, MP-
bearing cells too become capable of triggering and 
propagating coagulation.
Although all mentioned cells might contribute 
to  the  aberrant  in  vivo  expression  of  TF,    most 
available  studies  point  to  activated  monocytes-
macrophages  as  the  main  triggers  of  blood 
coagulation during sepsis or endotoxemia. Indeed, 
monocytes-macrophages of different origin (blood, 
spleen, peritoneal, alveolar, marrow) obtained from 
animals treated with endotoxin or bacteria express 
strong  TF  activity.
17,33,60-64 Studies  in  different 
animal  models  of  endotoxemia  have  shown 
increased TF expression in important target organs 
in which fibrin deposition is often observed during 
DIC,  namely  lung,  kidney,  liver,  spleen  and 
brain.
17,61,63-65At  cellular  level  TF  was  detected 
rather  frequently  in  monocytes  present  in  the 
microcirculation and in macrophages infiltrating the 
involved  tissues
64-66and,  in  some  studies,  also  in 
tissue cells, e.g. alveolar epithelial and alveolar type 
II cells, tubular  and/or  glomerular epithelial  cells, 
and  in  astrocytes.
61,63,64,67 In  addition,  a  selective 
genetic  deficiency  of  TF  expression  by 
hematopoietic cells as  well  as the  deletion  of  TF 
gene  in  myeloid  cells  was  found  to  reduce  LPS-
induced coagulation, inflammation, and mortality in 
mice.
20,68,69 Increased  expression  of  monocyte-
macrophage  TF  has  been also  documented  in 
human  beings,  in  particular  in  healthy  volunteers 
after  administration  of  low-dose  endotoxin,
70,71 in 
septic patients and other conditions with associated 
endotoxemia  (e.g.  obstructive  jaundice),
62,72,73 and 
in  patients  with  peritonitis (in  peritoneal 
macrophages)  or  acute  respiratory  distress 
syndrome  (in  broncho-alveolar  lavage,  BAL, 
fluid).
62,74 Interestingly, in some studies, monocyte 
TF  was  related  with  blood  clotting  activation, 
severe organ dysfunction and lethal outcome.
62,72,73
Surprisingly, and in contrast with the abundant in 
vitro evidence, ECs were negative for TF in most 
animal studies,
61,63,65,67 with few exceptions.
64,75,76 In 
one study TF expression was found in ECs within 
the splenic microvasculature of septic baboons but 
not in ECs of pulmonary vessels.
64 Others observed 
the expression of TF activity on intact aortic ECs of 
endotoxin-treated rabbits.
75 More recently, Lupu et 
al.
76 observed TF protein and activity especially on 
ECs at branch points of the aorta of septic baboons 
and  suggested  that  site-dependent  endothelial 
heterogeneity  coupled  with  rheological  factors 
might  influence  the  focal  vascular  procoagulant 
response  to  sepsis. However,  the  observation that 
the  presence  of  TF  on  ECs  was  restricted  to 
granular  structures  some  of  which  were  also 
positive  for  the  leukocyte  marker  PSGL-1  would 
suggest that leukocyte-derived MPs may deliver TF 
to activated ECs in vivo.
76 These discrepancies in 
the  detection  of    TF  expression  on  ECs  in  vivo 
during  sepsis  and  endotoxemia  might  be  due  to 
different causes including the relative sensitivity of 
the TF assays, the heterogeneous expression of TF 
possibly  linked  to  vascular  bed-specific  response 
and  species-specific  differences  in  vascular 
response to inflammatory stimuli. Recent findings 
indicate that the deletion of the TF gene in ECs had 
no significant effect on activation of coagulation in 
endotoxemic mice.
69
Another source of tissue factor in vivo might be 
polymorphonuclear  cells,  whose  inappropriate 
activation  and  positioning  within  the 
microvasculature  strongly  contributes  to  the 
pathological  manifestations  of  multiple  organ 
failure.
77 Indeed, TF-positive neutrophils have been 
observed in the circulation of septic or endotoxemic 
animals.
76,78 However, de Vaard et al.
79 showed that 
TF-positive granulocytes infiltrating organs do not 
express  TF  mRNA  in  a  mouse  model  of 
endotoxemia suggesting that they can acquire TF by 
binding monocyte-derived MPs.
Platelets most likely play a pivotal role in the 
pathogenesis of coagulation abnormalities in sepsis 
because they can be activated by proinflammatory 
mediators,  such  as  PAF  and  thrombin,  and,  once 
activated,  may  amplify  thrombin  generation  by 
providing  the  anionic  phospholipid  surface  onto 
which coagulation reactions occur.
11 Moreover, by 
expressing  P-selectin  on  their  surface  and/or  by 
releasing soluble P-selectin, platelets may enhance 
the expression of TF on monocytes.
80 As to the role 
of platelet TF, a recent study in a mouse model of 
endotoxemia failed to detect either TF pre-mRNA 
or  RNA  in  unstimulated  or  activated  mouse 
platelets.  Moreover,  deletion  of  the  TF  gene  in 
megakaryocytes  had no effect on clotting activation 
in endotoxemic mice.
69 On the other hand, freshly-
isolated  platelets  from  septic  patients  more 
frequently  expressed  mature  TF  mRNA  and  had 
increased levels of TF protein compared to platelets 
isolated  from  healthy  controls.
69 However,  it  is 
likely that some of the TF protein associated with 
platelets in septic patients derives from the binding 
of  leukocyte-derived  MPs.
69 Although  these  data 
suggest  that  platelets  may  participate  in  the 
activation  of  coagulation  during  sepsis,  the  direct 
involvement  of  platelet  TF  synthesis  remains 
controversial.
There are additional sources of TF that might 
contribute  to  coagulation  activation  in  sepsis, as Medit J Hemat Infect Dis 2010; 2(3): Open Journal System
Figure  2. Anticoagulant  properties  of  endothelial  cells.  Heparan-sulphate  (HS)  is  expressed  on  the  endothelial  surface  and 
accelerates  the  interaction  between  antithrombin  (AT)  and  its  target  enzymes,  among  which  factor  Xa  and  thrombin  (IIa). 
Thrombomodulin (TM) and endothelial protein C receptor (EPCR) are also membrane proteins and are involved in protein C (PC) 
activation. Tissue factor pathway inhibitor (TFPI) and protein S (PS) are released into blood. TFPI, after combining with factor Xa, 
binds to and neutralizes the TF/VIIa complex on cell surfaces. Protein S is the cofactor of activated protein C (APC) which degrades 
factors Va and VIIIa.  Micro-organisms and inflammatory mediators down-regulate the anticoagulant properties of the endothelium 
in different ways (see text).
clearly  suggested  by  the  observation  that  the 
selective  inhibition  of  TF  expressed  by  non-
hematopoietic  cells  substantially  reduces  the 
activation  of  coagulation  in  endotoxemic  mice.
69
The  precise  cellular  source  of  TF  in  the  non-
hematopoietic  cell  populations  is  unknown.  As 
mentioned  above,  in  endotoxemic  and  septic 
animals, TF expression is increased in many organs 
and cell  types.
61,63,64,67 Therefore, also considering 
that the role of EC TF remains uncertain, it is likely 
that TF up-regulation in multiple extravascular cell 
types in multiple organs contributes to activation of 
coagulation  during  sepsis.  Moreover,  the  well 
known  increase  in  vascular  permeability  and 
vascular  damage  occurring  during  severe 
inflammation  will  allow  the  exposure  of  normal 
extravascular TF to blood.
Overall,  at  least  in  the  setting  of  sepsis  and 
endotoxemia, monocytes-macrophages appear to be 
the main source of TF, together with specific cells 
in  target  tissues.  Further  support  for  a  prominent 
role of these cells comes from studies on MPs. In 
endotoxemic mice, levels of MP TF activity were 
found  to  correlate  with  coagulation  activation, 
suggesting the possible use of TF-positive MPs as a 
biomarker for evaluating the risk of DIC in Gram-
negative  sepsis.
81 Patients  with  meningococcal 
sepsis  had  increased  numbers  of  circulating 
procoagulant MPs derived from various cells with 
the  highest  levels  detected  in  a  patient  with  an 
extremely  fulminant  course  of  DIC.
82 The 
procoagulant  activity  of  MPs  was  due  to  the 
expression  of  both  TF  and  phosphatidylserine  on 
their surface and the majority of TF-positive MPs 
were  of  monocyte  origin  (CD14-positive). 
Interestingly,  the  formation  of  TF-positive 
procoagulant MPs derived from monocytes (CD14-
positive) has been also demonstrated in the model 
of human low-dose endotoxemia.
83
Impairment  of  physiological  anticoagulant 
mechanisms: Under  physiological  conditions  EC 
surface expresses various components involved in 
the  anticoagulant  pathways,  including 
thrombomodulin  (TM),  endothelial    protein  C 
receptor (EPCR), protein S, tissue  factor pathway 
inhibitor (TFPI) and the heparin like proteoglycan 
heparan  sulphate  (Figure 2).
33,84 EPCR  and Medit J Hemat Infect Dis 2010; 2(3): Open Journal System
Table 1. Inflammatory stimuli and conditions inducing tissue factor synthesis/expression in endothelial cells and/or mononuclear 
phagocytes.
thrombin  bound  to  TM  convert  protein  C  into 
activated  protein  C  (APC)  which  is  responsible, 
together  with  protein  S,  for  the  inactivation  of 
critical cofactors Va and VIIIa; TFPI, after binding 
factor Xa, complexes with TF-VIIa and blocks TF-
initiated  coagulation;  heparan  sulphate  stimulates 
the  inhibitory  activity  of  antithrombin  toward 
clotting  enzymes  like  thrombin  and  factor  Xa. 
Because  the  endothelium  plays  a  critical  role  in 
orchestrating the host response to sepsis and it is the 
target  of  the  pathogen  and  its  products,  and  of  a 
myriad of host mediators, a number of in vitro and 
in vivo studies evaluated the behavior of endothelial 
anticoagulant  mechanisms  in  relation  to  sepsis. 
Among these, the protein C anticoagulant pathway 
has  been  the  most  extensively  studied  and,  in 
general, it is down-regulated both in experimental 
and human sepsis. In vitro, the expression of TM 
was found consistently reduced in response to most 
agents listed in Table 1.
33,84
TM  reduction  has  been  attributed  to  different 
mechanisms  including  synthesis  inhibition, 
acceleration  of  internalization  and  degradation,  or 
inactivation  by  products  of  leukocytes  released
following  their  interaction  with  ECs,  such  as 
oxidants and/or lysosomal proteases.
33,84 Leukocyte 
proteases could also contribute to the release of TM 
from  the  cell  membrane.  Inflammatory  cytokines 
may  further  impair  the  protein  C  pathway  by 
reducing protein S secretion and the expression of 
EPCR in cultured ECs. Moreover, various agents, 
including  cytokines,  H2O2 and  thrombin 
dramatically increase the shedding of EPCR from 
cells in culture medium.
33,84
At  variance  with  in  vitro  studies,  animal 
experiments  investigating  in  vivo  changes  in  TM 
and  EPCR  produced  rather  controversial  data. 
While in one study
85 the infusion of IL-1 in rabbits 
suppressed  TM  activity  of  aortic  endothelium, 
down-regulation  of  TM  could  not  be  observed 
either  in  rabbit  aorta  during  experimental 
endotoxemia or in vascular beds of different organs 
in  two  distinct  sepsis  models  in  baboons  and 
rats.
64,86 On the other hand, a rise in soluble plasma 
TM was consistently observed during experimental 
endotoxemia, suggesting that direct and/or indirect 
(leukocyte-mediated) endothelial activation-damage 
by inflammatory mediators does occur in vivo.
33,87
As to the EPCR, studies in rats and mice showed 
that EPCR mRNA, rather than falling, as predicted 
from  in  vitro  experiments  with  cultured  cells, 
rapidly increased after treatment with lethal doses 
of LPS.
88 This was associated with a marked rise in 
soluble plasma EPCR. The increase of both EPCR 
mRNA  and  soluble  EPCR  was  mediated  by 
thrombin, not by TNF.
Although  the  data summarized above may  be 
difficult  to  interpret,  the  importance  of  the  PC 
anticoagulant pathway for the development of DIC 
in  sepsis  is  supported  by  animal  experiments 
showing that compromising the protein C system at 
different  levels  (by interfering with  PC activation 
through a monoclonal antibody or by reducing the 
plasma  levels  of  free  protein  S  with  the 
administration  of  C4b-binding  protein  or  by 
treatment with an antibody that blocked the binding 
of  EPCR  to  PC/APC)  resulted  in  a  marked 
worsening of DIC and in increased morbidity and 
mortality, whereas restoring an adequate function of 
APC  (by  treatment  with  APC)  prevented  the 
    Micro-organisms and derivatives
 Whole bacteria
 Rickettsiae and viruses
 Lipopolysaccharides (LPS)
 Peptidoglycan and lipotheicoic acid
 Staphylococcal and streptococcal exotoxins
 Shiga toxin (verotoxin-1)
 H. pylori-neutrophil activating protein
  Complement activation products
 C5a
 C5b-9
  Antibodies and immune complexes
  Bradykinin
  Cytokines
 Tumor necrosis factor-α (TNF-α)
 Interleukins (IL-1, IL-6)
 Interferon γ
       Chemokines
 Monocyte chemoattractant protein-1 (MCP-1)
 Interleukin-8
 Leukotactin-1
     Acute phase proteins
 C reactive protein (CRP), Long pentraxin
 α1-acid glycoprotein
     Growth factors (GF)
 Vascular endothelial GF (VEGF)
 Platelet-derived GF (PDGF)
 Monocyte colony-stimulating factor (M-CSF)
 GM-CSF
     Cell-cell interactions
     Clotting proteins (thrombin, factor Xa, fibrin)
     Hypoxia
     High Mobility Group Box-1 (HMGB-1)Medit J Hemat Infect Dis 2010; 2(3): Open Journal System
coagulopathy  and  improved  survival  and  organ 
failure.
1,11,33 Interestingly,  mice with  heterozygous 
protein  C  deficiency  had  more  severe  DIC  and 
organ dysfunction and a higher mortality than the 
wild-type  controls
89 and  mice  homozygous  for  a 
point  mutation  of  the  TM  gene  that  specifically 
deletes  the  anticoagulant  activity  of  the  protein 
(poor  binding  to  thrombin  and  thus  reduced 
capacity to generate APC), as compared with wild-
type mice, exhibited 10- to 30-fold greater amounts 
of fibrin in the microcirculation of several organs.
90
In  addition,  clinical  observations  indicate  that 
acquired severe protein C deficiency is associated 
with early death in individuals with sepsis.
91
Studies  in  human  sepsis  have  in  general 
confirmed    the  dysfunction  of  the  protein  C 
pathway.  The  plasma  levels  of  soluble  TM  were 
found to be increased
92-94 and were often correlated 
with disease  severity  and  poor  outcome.
92,94
Interestingly,  Saito  et  al.
95 found  significantly 
higher  TM  levels  in  septic  patients  with 
leukocytosis  than  in  those  with  leukopenia, 
suggesting an important role for leukocytes in EC 
perturbation. Patients with sepsis also had increased 
plasma levels of EPCR,
96 indicating that the latter 
can  be  used  as  an  additional  marker  of  EC 
activation. Other common findings in septic patients 
are low levels of PC and PS due to impaired liver 
synthesis and possibly to consumption (because of 
degradation by neutrophil elastase), and low levels 
of free PS, due to increased C4b-binding protein as 
a  consequence  of  the  acute  phase  reaction.
11,33
Moreover,  the  expression  of  TM  and  EPCR  on 
morphologically intact ECs of dermal vessels was 
found  to  be  reduced  in  biopsy  specimens  of 
purpuric lesions from children with meningococcal 
sepsis,  as  compared  with  control  skin-biopsy 
specimens.
93 Plasma  levels  of  APC  were  low  in 
some of these patients even after treatment with non 
activated PC  concentrates,  thus confirming down-
regulation of TM in vivo and impaired activation of 
protein  C.  Liaw  et  al.,
97 using  a  sensitive  assay, 
observed that plasma levels of APC vary markedly 
among  patients  with  severe  sepsis  and,  while  in 
some patients they paralleled thrombin generation 
(assessed  by  prothrombin  F1+2),  in  others  they 
were  low  despite  elevated  F1+2,  indicating  that 
APC  generation  is  impaired  in  the  latter. 
Interestingly, APC plasma levels were significantly 
higher in survivors  than in non survivors (28-day 
mortality), suggesting that endogenous APC serves 
protective  functions.  Indeed,  besides  exerting 
anticoagulant and profibrinolytic activity, APC also 
has  important  inflammation-modulating  effects, 
including  decreased  production  of  inflammatory 
cytokines  and  TF  by  activated  monocytes, 
antioxidant  properties,  anti-apoptotic  activity  and 
prevention of loss of endothelial barrier function.
98
During  sepsis,  plasma  antithrombin  levels  are 
markedly  decreased  because  of  consumption 
resulting from ongoing clotting activation, impaired 
synthesis and degradation by neutrophil proteases.
11
The  observation  that  inflammatory  stimuli  can 
down-regulate  the  expression  of  heparan  sulphate 
proteoglycan  in  cultured  ECs
1,33 suggests  an 
additional  mechanism  contributing  to  the  reduced 
antithrombin function in sepsis. Low antithrombin 
plasma levels have been found to be associated with 
increased mortality.
6
With respect to TFPI, in vitro studies evaluating 
the effect of inflammatory stimuli on the production 
of  this inhibitor by cultured ECs gave  conflicting 
data.
33 Likewise,  controversial  reports  have  been 
published on the changes of TFPI in plasma during 
sepsis, ranging from increased levels, probably due 
to release from ECs, to reduced, likely as a result of 
consumption,  or  unchanged  levels.
33 Deeper 
information  on  the  regulation  of  TFPI  by 
inflammatory  agents  have  been  obtained  from 
animal studies at tissue  and cellular level.  In rats 
given endotoxin and in mice given either TNF or 
endotoxin,  a  decreased  expression  of  TFPI  was 
found in several organs and in ECs.
65,99 Moreover, 
Tang  et  al.
100 found  that  lung-associated  TFPI 
antigen  and  mRNA  decreased  during  E.  Coli-
induced  sepsis  in  baboons,  and  TFPI  activity 
diminished  abruptly  as  soon  as  at  2  hours  after 
bacterial  challenge.  Blocking  antibodies  against 
TFPI  increased fibrin  deposition in septic baboon 
lungs,  suggesting  that  TF-dependent  coagulation 
might be aggravated by reduced endothelial TFPI. It 
can be concluded that TFPI under-expression might 
represent  an  additional  mechanism,  together  with 
TF up-regulation, to augment the local procoagulant 
potential, thus contributing  to fibrin formation at 
tissue level. The importance of TFPI in modulating 
the procoagulant response to endotoxin in vivo is 
supported  by  the  observation  that,  in  human 
experimental  low-dose  endotoxemia
101 and  in  a 
baboon E.coli sepsis model,
18 the administration of 
TFPI  inhibited  thrombin  generation  and,  in  the 
latter model, also reduced the mortality. This effect 
probably results not only from impaired coagulation 
but  also  from  the  capacity  of  TFPI  to  block  the 
cellular effects of endotoxin.
102
Suppression  of  fibrinolysis: In  sepsis-associated 
DIC  accumulation  of  fibrin  deposits  in  the 
microcirculation  may  be  greatly  facilitated  by  an 
impairment of the fibrinolytic system.
16,33 Infusion Medit J Hemat Infect Dis 2010; 2(3): Open Journal System
Figure 3. Fibrinolysis suppression in sepsis. Microorganisms, their products, and endogenous inflammatory mediators may lead to 
hypofibrinolysis by enhancing the release of plasminogen activator  inhibitors (mainly PAI-1), particularly by endothelial cells. The 
same agents may variably influence the release of t-PA (see text for further details).
of  des-A-fibrin  or  thrombin,  at  doses  unable  to 
induce  fibrin  accumulation  in  normal  animals, 
caused  diffuse  renal  microthrombosis  in  animals 
pretreated with antifibrinolytic agents. Interestingly, 
a single endotoxin injection was sufficient to render 
the animals sensitive to thrombogenic stimuli, most
probably because  of the inhibition  of fibrinolysis. 
Moreover,  administration of  high doses  of  tissue-
type plasminogen activator (t-PA) or low doses of 
plasminogen activator inhibitor-1 (PAI-1)-resistant 
t-PA  prevented  fibrin  deposition  in  kidneys  of 
endotoxin-treated rabbits.
33 Likewise, in a rat model 
of  endotoxemia,  fibrin  deposition  in  lungs  was 
decreased by an inhibitor of PAI-1.
33
Endothelium is known to play a pivotal role in 
the  fibrinolytic  process  through  the  regulated 
synthesis and release of key proteins, namely t-PA, 
urokinase-type  PA  (u-PA)  and  PAI-1.  The 
production of  these proteins  can  be  modulated in 
cultured ECs by a number of stimuli or conditions.
33
Among  the  agents  involved  in  sepsis-associated 
DIC,  some,  such  as  TNF,  IL-1,  LPS  and  herpes 
simplex  virus,  had no  effect  or  decreased  t-PA 
synthesis (Figure 3), while others, such as thrombin 
and  factor  Xa,  increased  t-PA  production.
33
However, most of the above stimuli, including those 
that augmented t-PA release, as well as many others 
listed  in  Table  1,  consistently  stimulated  PAI-1 
synthesis (Figure 3), the net effect being definitely 
antifibrinolytic.
33 It should be noted that, in cultured  
monocytes-macrophages,  inflammatory  mediators 
stimulated mainly the  synthesis of  PAI-2 (Figure
3).
16 Studies in non-human primates and in healthy 
volunteers  receiving  low-dose  endotoxin  or  TNF  
have  shown  a  sudden  increase  in  plasma  t-PA  
levels, indicative of EC activation, which coincided 
with  the  activation  of  the  fibrinolytic  system, 
assessed  by  augmented  plasmin-2-plasmin 
inhibitor  complexes.  However,  the  fibrinolytic 
activity was  rapidly  offset  by the  subsequent  and 
long-lasting increase in the plasma levels of PAI-
1.
11,33 A marked increase in plasma PAI-1 during 
endotoxemia has consistently been found in every 
animal  species.
33,103 Studies  at  tissue  level  in 
animals challenged with endotoxin or TNF showed 
a  strong  elevation  of  PAI-1  mRNA  in  tissues, 
including  those  most  commonly  affected  by 
microthrombi during sepsis (kidney, adrenals, lung 
and  liver).  PAI-1  expression  (RNA,  protein  or 
activity) was detected primarily in ECs at all levels 
of the vasculature (arteries, veins and capillaries).
33
The  up-regulation  of  PAI-1  synthesis  in  ECs  of 
multiple tissues clearly suggests that plasma PAI-1 
may originate from these cells during endotoxemia. Medit J Hemat Infect Dis 2010; 2(3): Open Journal System
In this respect, a possible contribution of platelets 
seems  unlikely  because  neither  thrombocytopenia 
nor  antiplatelet  agents  affected  the  increase  in 
plasma PAI-1 in rat endotoxemia.
33
Endotoxin  administration  also  causes  changes 
in t-PA and u-PA expression in rats and mice. In 
both animal species, an increase in t-PA mRNA was 
observed  in  different  tissues.
33 However,  this 
increase  was  not  associated  with  increased  t-PA 
activity, because of the very large amounts of PAI-1 
produced in the same tissues. u-PA mRNA behaved 
differently in rats and mice, being increased in rat 
kidney
104 but markedly decreased in murine tissues, 
particularly  in  adrenals  and  kidneys  (tubular 
epithelial cells).
105 Interestingly, the decrease in u-
PA expression correlated with fibrin deposition in 
kidneys and adrenals of endotoxin-treated mice.
106
In rabbits given a continuous infusion of endotoxin 
or TNF, a marked reduction in fibrinolytic activity 
was  observed  in  glomeruli  own  to  a  reduced 
production of PAs.
107 Altogether these data indicate 
that suppression of the fibrinolytic system through 
increased  PAI-1,  mostly  mediated  by  ECs,  and 
other  tissue- and  species-specific  alterations, such 
as decreased u-PA in the mouse model, are essential 
for fibrin deposition in tissue-specific vasculature, 
at  least  in  experimental  models  of  sepsis.  This 
concept  is  strongly  supported  by  experiments  in 
mice  with  targeted  disruptions  of  genes  encoding 
fibrinolytic  proteins.  Mice  with  a  deficiency  of 
plasminogen activators have more extensive fibrin 
deposition  in  organs  when  challenged  with 
endotoxin,  whereas  PAI-1  knockout  mice,  in 
contrast  to  wild-type  controls,  have  no 
microvascular  thrombosis  upon  endotoxin 
challenge.
106,108
Local  changes  in  fibrinolysis,  however,  may 
involve  also other  mechanisms.  Administration of 
low-dose  endotoxin  to  chimpanzees  caused  a 
marked  depression  of  fibrinolytic  activity  in  the 
bronchoalveolar  fluid,  due  to  increased  levels  of 
PAIs, especially PAI-2.
109 In this case, macrophages 
rather  than  ECs  were  more  likely  responsible  for 
down-regulating fibrinolysis. Similarly, in a mouse 
model of hypoxia, a clear increase in PAI-1 mRNA 
in  the  lung  tissue  was  observed,  which  was 
associated with a decrease in both t-PA and u-PA 
mRNAs.
33,108 These  local  changes  were  shown  to 
play an important role in hypoxia-induced vascular 
fibrin  deposition  in  the  lung.  Again, 
immunolocalization studies identified macrophages 
as  the  predominant  source  of  PAI-1  within  the 
hypoxic  lung.  Therefore,  the  cellular  origin  of
fibrinolytic  components  may  be  quite  different, 
depending on the tissue, the animal species, and the 
pathological condition.
In  human  sepsis-associated  DIC,  studies  of 
endothelial  fibrinolysis-related  properties  at  tissue 
level are scarce. In patients with adult respiratory 
distress syndrome (ARDS) secondary to sepsis, the 
fibrinolytic  activity  of  bronchoalveolar  fluid  was 
markedly lower than that of patients with interstitial 
lung  disease  or  normal  subjects,  due  to  the 
appearance of PAI activity.
33,110In situ hybridization 
on  lung  biopsies  showed  that,  like  in  animal 
models,  macrophages  rather  than  ECs  were  the 
main source of PAI-1. The majority of studies in 
patients  with  sepsis  has  been  restricted  to 
circulating fibrinolytic markers. In septic patients a 
sustained  increase  in  plasma  PAI-1  has  been 
consistently  reported  by  numerous 
investigators
33,103,111,112 and, in some studies, PAI-1 
turned out to be a prognostic marker in patients with 
septic shock.
33,111,112 Plasma t-PA antigen was also 
found to be elevated  in septic patients,
33 but the net 
effect  of  the  changes  in  t-PA  and  PAI-1  was 
definitely  antifibrinolytic.  That  impaired 
fibrinolysis  is  an  important  factor  in  the 
pathophysiology of  human  sepsis  is  supported by 
the finding that a 4G/5G polymorphism in the PAI-
1 promoter, leading to high PAI-1 expression, was 
associated  with  poor  outcome  in  meningococcal 
sepsis
11,33 and with multiple organ dysfunction and 
shock in pneumonia-induced severe sepsis.
113
During  the  last  decade  evidence  has 
accumulated  that  other,  thrombin-dependent 
mechanisms  may  contribute  to  the  impairment  of 
fibrinolysis  during  sepsis.  Besides  stimulating  the 
synthesis and release of fibrinolytic components in 
different cells, thrombin is able to affect fibrinolysis 
in  different  ways:  a)    it  stabilizes  the  clot  by 
activating  factor  XIII,  which  introduces  covalent 
bonds between fibrin strands and incorporates α2-
plasmin inhibitor  into  the clot;
114 b)  it causes  the 
formation of more compact and less permeable clots 
in  a  concentration-dependent  way;
115 and  c)  it 
reduces  plasmin  generation  via  activation  of 
thrombin-activatable  fibrinolysis  inhibitor  (TAFI) 
(procarboxypeptidase  U),  a  plasma 
procarboxypeptidase  that,  once  converted  into  the 
active  enzyme,  TAFIa,  removes  the  C-terminal 
lysines  from  partially  degraded  fibrin,  thereby 
reducing the binding of  t-PA and plasminogen to 
the  clot.
116 All  of  these  mechanisms  have  been 
associated with resistance to fibrinolysis.
In  sepsis,  enhanced  thrombin  generation 
induced by activated cells might well contribute to 
inhibition  of  fibrin  removal  by  the  fibrinolytic 
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the fibrin network and by activating TAFI. To our 
knowledge there are no available ex vivo studies on 
the  characteristics  of  fibrin  deposited  in  tissues 
during sepsis. Recently, however, Campbell et al.
117
reported  that  ECs  stimulated  by  inflammatory 
cytokines to  express TF,  similarly  to  normal  TF-
expressing extravascular cells (fibroblasts, SMCs), 
caused the  production  of  abnormally  dense  fibrin 
networks  that  resisted  fibrinolysis.  Moreover, 
activated platelets, commonly found in sepsis, not 
only  alter  the  fibrin  structure  and  reduce 
susceptibility  to  lysis  via  the  direct  interaction 
between  fibrin  and    αIIbβ3  integrin
117 but  also 
release, together with the causative micro-organism, 
inorganic polyphosphates, which have been recently 
shown  to  modify  the  fibrin  architecture  and  to 
reduce  the  binding  of  t-PA  and  plasminogen  to 
fibrin,  thereby  increasing  fibrin  resistance  to 
fibrinolysis.
118
With respect to TAFI, evidence is accumulating 
that it might be importantly involved in the sepsis-
associated  suppression  of  fibrinolysis.  In  vitro, 
LPS-stimulated  human  monocytes  inhibit 
fibrinolysis  through  a  tissue  factor-mediated 
enhancement  of  TAFI  activation  and  make  clots 
resistant  to  the  profibrinolytic  activity  of 
heparins.
119 Because  TF-expressing  monocytes-
macrophages  drive  blood  clotting  activation  in 
sepsis,  our  findings  provide  an  additional 
mechanism  whereby  these  cells  may  favor  fibrin 
accumulation in the microcirculation. Experiments 
in mice with targeted disruption of the TAFI gene 
did not allow clear-cut conclusions about the role of 
this  protein  in  endotoxemia.
120 However,  in  a  rat 
model  of  polymicrobial  sepsis,  a  significant 
reduction of TAFI levels was observed,
121 probably 
due  to  TAFI  consumption.  Moreover,  in  rat 
endotoxin-induced  DIC,  it  was  demonstrated  that 
blocking TAFIa with a synthetic inhibitor (BX528) 
attenuated  fibrin  resistance  to  endogenous 
fibrinolysis.
122 More recently, Muto et al.,
123 using a 
rat  endotoxemia  model  and  a  rat  sepsis  model 
induced by Pseudomonas aeruginosa, showed that 
the  administration  of  another  synthetic  TAFIa 
inhibitor  (EF6265)  1  and  2  hours  after  the 
intravenous  injection  of  LPS  and  bacteria, 
respectively, resulted in decreased fibrin deposition 
in the kidney and liver without significant changes 
in  platelet  count  and  plasma  fibrinogen  levels. 
Notably, this compound also significantly decreased 
laboratory  markers  of  organ  dysfunction  in  both 
models  and  the  inflammatory  response  in  the 
bacterial  infection  model.  In  a  baboon  model  of 
Escherichia  coli-induced  sepsis,  Binette  et  al.
124
demonstrated  that  TAFI  is  rapidly  activated  and 
cleared and that a monoclonal antibody specifically 
inhibiting thrombin-TM-dependent TAFI activation 
prevented  the  TAFI  activation/consumption  and 
enhanced the rate of fibrin degradation. Therefore, 
in  an  in  vivo  model  in  which  multiple  potential 
activators of TAFI are present (thrombin, plasmin, 
elastase),  thrombin-TM  appeared  to  be  the 
predominant  activator  and  the  generated  TAFIa 
down-regulated  fibrinolytic  activity.  In  human 
studies, TAFI levels (activity and/or antigen) were 
found  consistently  decreased  in  septic  patients  as 
well  as  in  healthy  volunteers  with  low-grade 
endotoxemia.
125-127 It  was  unclear  whether 
activation or consumption or both were the cause of 
this decrease. In a comprehensive study evaluating 
TAFI activation markers on a rather large series of 
patients  with  severe  meningococcal  infection, 
Emonts et al.
128 demonstrated that TAFI levels were 
significantly  decreased  at  admission  compared  to 
the convalescence state and were lower in patients 
with  septic  shock.  More  important,  the  levels  of 
TAFI  activation  peptide  (TAFI-AP)  were 
augmented in patients with DIC as compared with 
those  without.  In  addition  both  TAFI-AP  and 
inactivated  TAFIa  (TAFIai),  another  marker  of 
TAFI activation, were significantly higher in non-
survivors  versus  survivors  and strongly correlated 
with severity scores of the disease. It thus appears 
that TAFI activation does occur in severe sepsis and 
that  the measurement  of TAFI activation markers 
may  be  clinically  useful.  The  pathophysiological 
and clinical relevance of TAFI is further supported 
by  the  observation  that  a  functional  single 
nucleotide  polymorphism  in  the  TAFI  gene  that 
leads  to  the  substitution  Thr325Ile  and  produces 
increased  TAFIa  stability  and  activity  was 
associated with a poor outcome of meningococcal 
sepsis.
129
Role  of  endogenous  inflammatory  mediators  in 
coagulation/fibrinolysis  changes: While  in  vitro 
the  pathogen,  its  derivatives  and  the  main 
inflammatory  mediators  are  able  to  influence  to 
variable extent each of  the mechanisms described 
above,  their  role  during  experimental  and  human 
sepsis or endotoxemia is more difficult to establish. 
With  respect  to the  up-regulation  of  procoagulant 
pathways,  various  inflammatory  mediators  are 
likely  involved,  besides  the  micro-organism  itself 
and  the  products  it  expresses  (for  instance 
endotoxin). The main cytokines, i.e. TNF, IL-1 and 
IL-6, can activate blood coagulation in humans and 
primates.
40 This occurs  most probably via the TF 
pathway,  although  direct,  definitive  proof  for 
induction of TF synthesis by these cytokines in vivo Medit J Hemat Infect Dis 2010; 2(3): Open Journal System
is  very limited.  As to the relative contribution  of 
individual  cytokines,  neutralization  studies  with 
specific antibodies would suggest a major role of 
endogenous IL-6 and, to a lesser extent, of IL-1.
40
Although  TNF  can  activate  coagulation  when 
injected in animals or in man and can induce TF in 
vitro, endogenous TNF does not appear to play a 
significant role in activation of coagulation during 
endotoxemia  or  gram-negative  sepsis.  Knowledge 
of the in vivo effects of cytokines on anticoagulant 
pathways is rather scarce. A neutralizing anti-TNF 
antibody attenuated the release of soluble TM into 
the  circulation  of  baboons  with  E.  Coli-induced 
severe  sepsis.
40 Moreover,  both  TNF  and  IL-1, 
when  administered  to  mice,  reduced    protein  C 
mRNA expression in liver and other organs.
40 As to 
the  fibrinolysis,  the  neutralization  of  endogenous 
TNF  activity  by  various  means  in  humans  or 
chimpanzees  almost  completely  prevented 
endotoxin-induced  fibrinolytic  changes,  including 
both t-PA and PAI-1 release.
40 Inhibition  of TNF 
has also been shown to down-regulate plasma PAI-
1  levels  in  a  clinical  setting  other  than  sepsis.
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Similar  effects  were  obtained  in  baboons  with 
severe  sepsis  following  the  administration  of 
recombinant  IL-1  receptor  antagonist.
40 In  mice 
challenged  with  endotoxin,  anti-TNF  treatment 
attenuated plasma PAI-1 increase and reduced PAI-
1  mRNA  expression  in  the  liver.
40 IL-1  and 
especially  TNF,  therefore,  appear  to  be  strongly 
involved  in  PAI-1-mediated  suppression  of 
fibrinolysis associated with sepsis. In a very recent 
comprehensive study using a baboon model of E. 
coli-induced  severe  sepsis,  Silasi-Mansat  et  al.
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demonstrated  that  treatment  with  compstatin,  a 
potent  C3  convertase  inhibitor,  effectively 
attenuated  the  inflammatory  response  and  the 
associated  DIC,  and  improved  the  function  of 
several  organs  (heart,  kidney,  liver).  Compstatin 
decreased TF expression in lungs and other organs 
and  this  decrease  correlated  with  the  observed 
reduction in monocyte-macrophage infiltration. The 
reduced TF levels were accompanied by a reduced 
PAI-1 expression and by a protection against TFPI 
and  TM  down-regulation  in  ECs.  It  thus  appears 
that  complement-derived  mediators  play  an 
important role in the up-regulation of cell TF and 
PAI-1, and in the down-regulation of anticoagulant 
pathways during sepsis. Altogether, these findings 
clearly show that, as predicted by in vitro studies, 
inflammatory  stimuli  are indeed  able to  elicit  the 
main mechanisms responsible for in vivo thrombin 
generation and fibrin deposition during sepsis.
Pathogenetic  mechanisms  of  multiple  organ 
dysfunction syndrome (MODS)
MODS  is  the  hallmark  of  severe  sepsis  and 
septic shock and represents the main cause of the 
high mortality in these conditions. Various closely 
interlinked  mechanisms  have  been  proposed  to 
explain this dramatic event, all of which eventually 
result from the global hyper-inflammatory response 
to  the  triggering  pathogen.
132 In  the  early  phase, 
overproduction  of  numerous  cell-derived  (mainly 
cytokines) and soluble (e.g. complement activation 
products)  inflammatory  mediators causes 
widespread  activation/dysfunction  and  injury  of 
ECs  resulting  in  increased  vascular  permeability, 
prothrombotic  cell  surface  changes,  up-regulation 
of adhesion molecules with subsequent recruitment 
and  extravasation  of  polymorphonuclear  and 
mononuclear  cells.
132,133 Although  endothelial 
activation/dysfunction  is  generalized,  the  local 
susceptibility  to  endothelial  changes  can  vary 
widely  because  of  the  heterogeneity  of  EC 
properties  between  vascular  beds  in  different 
organs.
133 In the later phase of MODS, the recruited 
cells, together with other tissue cells, such as mast 
cells, release and produce a number of mediators, 
including cytokines, thus amplifying inflammation 
in the interstitial space.
132 The ensuing parenchimal 
cell injury and organ dysfunction is most likely due 
to  several  simultaneously  acting  mechanisms.  A 
critical role has been attributed to neutrophils owing 
to  their  inappropriate  positioning  within  the 
microvasculature  (because  of  endothelial 
dysfunction)  and  to  their  massive  activation  with 
subsequent release of reactive oxygen and nitrogen 
species  and  a  mixture  of  lytic  enzymes,  besides 
many  other  factors.
77 High  concentrations  of 
selected cytokines in the interstitial space might be 
directly toxic to vulnerable parenchyma and play a 
role  particularly  in  MODS  with  severe 
leukopenia.
132 The  complex  interplay  between 
inflammation  and  the  haemostatic  system  during 
sepsis  frequently  leads  to  DIC,  which  causes 
massive  fibrin  formation  and  its  persistent 
deposition in the microcirculation. Several lines of 
evidence  support  an  important  role  of  DIC  in 
MODS.
11 Numerous histological studies of tissues 
from  septic  patients  and  from  animals  with 
bacteremia    or  endotoxemia  have,  indeed, 
demonstrated the presence of thrombi in small and 
mid-size  vessels  of  multiple  organs.  These 
intravascular thrombi appear to be clearly related to 
organ  ischemia-necrosis  and  dysfunction. 
Moreover, in experimental studies, amelioration of 
DIC  by  various  interventions  improves  organ 
failure  and,  at  least  in  some  cases,  mortality.  In Medit J Hemat Infect Dis 2010; 2(3): Open Journal System
some studies, the attenuation of systemic activation 
of intravascular coagulation was clearly associated 
with removal of locally deposited fibrin which may, 
at least in  part, contribute  to the  improvement of 
organ function. Finally, DIC has been shown to be 
an independent predictor of organ dysfunction and 
mortality in patients with sepsis. 
Recent evidence indicates the existence of new 
players in sepsis-associated organ dysfunction and 
failure, namely extracellular histones, that originate 
mainly  from  apoptotic  or  necrotic  cells  and 
therefore  can  be  considered  as  late  mediators  of 
MODS. Histones are normal nuclear proteins that 
serve an essential architectural role by forming the 
core around which DNA is wrapped in eukaryote 
cells  and  contribute  to  gene  regulation.  These 
proteins  can  also  be  found  in  the  extracellular 
environment  where  they  kill  invading  pathogens 
thus  possibly  participating  in  the  innate  immune 
protection.  Recently  Xu  et  al.
14 have  shown  that 
histones  are  major  mediators  of  injury  during 
sepsis.  In  vitro  they  were  toxic  for  human 
endothelial cells and this toxicity was mainly due to 
the histones H3 and H4. When injected into mice, 
histones  mimicked  the  symptoms  of  sepsis, 
including  microvascular  thrombosis,  organ  failure 
and  death.  More  importantly,  antibodies  against 
histone  H4  protected  mice  in  different  models  of 
endotoxemia  and  sepsis.  A  remarkable finding  of 
the  study  is  that  recombinant  APC  was  able  to 
degrade  histones  both in  vitro  and  in  vivo  thus 
lowering the histone toxicity towards ECs in vitro 
and preventing lethality in histone-treated animals. 
Of note, histones and their APC-induced degraded 
forms were detected in plasma from septic animals 
and patients. Therefore histones add to the list of 
APC  substrates  that  make  this  protease  effective 
against  sepsis.  Interestingly,  histones  are  not  the 
only nuclear proteins involved in sepsis. HMGB1 is 
a  nuclear  DNA-binding  protein  involved  in 
nucleosome  stabilization  and  gene  transcription. 
However,  when  released  into  the  extracellular 
environment,  it  becomes  a  lethal  mediator  of 
systemic inflammation.
134 HMGB1 increases in the 
circulation in different animal models of sepsis as 
well as in septic patients. When injected in mice, 
HMGB1 is lethal and a recent study showed that it 
promotes  the  development  of  microvascular 
thrombosis  in  rats  likely  by  stimulating  TF 
expression  in  monocytes  and  by  reducing  the 
activity of thrombin-TM complex thereby inhibiting 
protein  C  activation.
39 Passive  immunization  with 
anti-HMGB1  antibody  confers  significant 
protection  against  lethal  endotoxemia,  sepsis  and 
LPS-induced  lung  injury,  even  when  antibody 
administration  is  delayed.
134 These  observations 
raise  the  possibility  that  nuclear  contents  in 
circulation  might  indicate  severe  damage  and 
contribute  to  host  mortality.  While  HMGB1  is 
known  to  be  released  actively  by  innate  immune 
cells  (monocytes-macrophages)  stimulated  by 
numerous  inflammatory  mediators  (including 
cytokines) and passively by necrotic cells, it is not 
yet clear where histones come from during sepsis. 
Neutrophils are an attractive possibility, as they are 
the most abundant white blood cells participating in 
severe  sepsis.
15 Furthermore,  platelets  activate 
neutrophils  to  make  neutrophil  extracellular  traps 
(NETs)  during  sepsis.
135 NETs  are  made  of 
chromatin, that is DNA and core histones. Although 
they  might  help  killing  micro-organisms  during 
sepsis,  they  may  also  lead  to  tissue  damage  and 
organ failure. A major source of histones is most 
probably  massive  cell  apoptosis  or  necrosis 
overwhelming  the  clearance  capacity  of 
mononuclear  phagocytes,  thereby  permitting 
histones to enter into circulation. Altogether, these 
results clearly demonstrate that histones are toxic to 
endothelium,  are released  during  sepsis  and  are 
important  mediators  of  sepsis  with  devastating 
effects. 
Concluding remarks
Considerable  progress  has  been  made  in  our 
knowledge  on  the  mechanisms  underlying  sepsis-
associated  DIC  and  MODS.  Although  direct 
interactions  between  the  infectious  agent  and  the 
haemostatic  system  do  occur,  the  numerous 
inflammatory  mediators  generated  by  the  host  in 
response  to  the  causative  micro-organism, 
particularly  cytokines  and  complement  activation 
products, are now believed to play a pivotal role in 
driving the major changes responsible for massive 
thrombin  formation  and  fibrin  deposition,  namely 
the aberrant  expression of the coagulation trigger 
TF  by  different  cell  types  (especially  monocytes-
macrophages)  and  the  impairment  of  both 
physiological  anticoagulant  mechanisms 
(antithrombin,  protein  C  pathway  and  TFPI)  and 
fibrinolysis,  mainly  due  to  inflammation-induced 
endothelial dysfunction. The ensuing thrombosis in 
the  microcirculation  and  ischemia  are  generally 
thought  to  contribute  to  parenchimal  cell 
injury/death  and  single  or  multiple  organ 
dysfunction,  together  with  other  rather  well-
established  mechanisms,  also  elicited  by  the 
overwhelming  inflammatory  response,  such  as 
neutrophil- and  macrophage-derived  factors  and 
selected  cytokines with  direct  toxic  effects.  The 
recently  published  evidence  that  extracellular Medit J Hemat Infect Dis 2010; 2(3): Open Journal System
histones,  particularly  H3  and  H4,  “are  major 
mediators  of  death  in  sepsis”
14 add  to  our 
understanding  of  the  MODS  pathogenesis.  These 
nuclear  proteins,  together  with  others  such as 
HMGB1, are released into the circulation mainly by 
apoptotic or necrotic cells and thus may represent 
late  mediators  that  amplify  inflammation, 
coagulation, cell death and organ failure.
Whether  the  present  knowledge  on  the 
pathogenesis of sepsis-associated DIC and MODS 
will  prove  useful  for  diagnostic  and  therapeutic 
purposes remains to be established. The diagnosis 
of DIC is still based on the combination of a typical 
underlying disease, such as sepsis, with laboratory 
markers, including platelet count, prothrombin time, 
activated  partial  thromboplastin  time,  fibrinogen 
concentration,  and  a  fibrin-related  marker, 
reflecting intravascular fibrin formation, such as D-
dimer, all of which are used in the DIC scores.
11
However,  new  parameters  are  being  investigated 
that  could  be  of  clinical  utility.  For  instance, 
HMGB1  is  persistently  augmented  in  septic 
patients, being significantly higher in non survivors 
than in survivors and the plasma concentration of 
this  protein  has  been  proposed  as  possible 
prognostic  markers  of  DIC  and  organ  failure.
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Moreover,  elevated plasma  levels  of  nucleosomes 
have  been  reported  in  septic  patients  that  were 
proportional to the disease severity (highest values 
in septic shock)
137,138 and single histones H3 and H4 
were  increased in  patients  with  severe  sepsis.
14
Nuclear proteins, therefore, might be new sensitive 
biomarkers  of  disease  progression  and  useful 
predictors of outcome.
As regards the supportive treatment for sepsis-
associated  haemostatic  abnormalities,  different  
strategies  have  been  developed  based  on  the 
insights  into  the  pathogenetic  mechanisms 
responsible  for  thrombin  formation  and  fibrin 
deposition.  However,  the  use of  TF  inhibitors, 
which  would  be  the  most  logical  treatment 
considering the widely accepted pivotal role of TF 
in blood clotting activation during sepsis, is still a 
matter of debate. A phase III trial with recombinant 
TFPI  did  not  show  a  overall  survival benefit  in 
septic  patients.
139 Likewise,  treatment  with 
antithrombin concentrates to restore one of the most 
important  anticoagulant  mechanisms  shown  to  be 
impaired in sepsis, despite some reported beneficial 
effects  (improvement  of  laboratory  parameters,
shortening of DIC duration, amelioration of organ 
function),  in  a  large-scale  clinical  trial  failed  to 
significantly  reduce  the  mortality  of  septic 
patients.
140 So  far,  the  only  anticoagulant  drug 
showing  the  expected  promising  results  is 
recombinant human APC, which has been evaluated 
in  several  clinical  trials  and  is  indicated  for  the 
reduction of mortality in adult patients with severe 
sepsis at high risk of death.
1 The beneficial effects 
of  this  drug  have been  attributed  not  only to  the 
restoration of the protein C anticoagulant pathway, 
which  is  strongly  impaired  in  septic  patients,  but 
also to its well-known anti-inflammatory action.
84,98
The finding that APC degrades histones
14 add a new 
mechanism  whereby  the  drug  exerts  it  beneficial 
effects especially in severe sepsis. Because histones 
seem to be critical mediators of organ dysfunction 
and death in septic patients, an attractive approach 
to  treat  MODS  and  prevent  death  could  be  the 
development of effective histone antagonists which 
might  prove  therapeutic  without  the  bleeding 
complications that can result from APC therapy. 
Finally, the  recent evidence that  complement-
coagulation  interplay  strongly  contributes  to  the 
progression  of  severe  sepsis
131  suggests  that 
blocking  the  harmful  effects  of  complement 
activation  products,  especially  during  the  organ 
failure  stage  of  severe  sepsis,  is  yet  another 
potentially important therapeutic strategy.
References:
1. Levi  M,  Schultz  M,  van  der  Poll  T.  Disseminated 
intravascular  coagulation  in  infectious  disease.  Semin 
Thromb Hemost 2010; 36:367-77.
2. van Gorp EC, Suharti C, ten Cate H, Dolmans WM, van der 
Meer JW,  ten Cate  JW, Brandjes DP.  Review: infectious 
diseases  and  coagulation  disorders.  J  Infect  Dis  1999; 
180:176-86.
3. Smeeth  L,  Cook  C,  Thomas  S,  Hall  AJ,  Hubbard  R, 
Vallance  P. Risk  of deep vein thrombosis and pulmonary 
embolism  after  acute  infection  in  a  community  setting. 
Lancet  2006; 367:1075-9.
4. Crum-Cianflone  NF,  Weekes J,  Bavaro  M.  Review: 
thromboses among HIV-infected patients during the highly 
active antiretroviral therapy era. AIDS Patient Care STDS 
2008; 22:771-8.
5. Alikhan  R,  Spyropoulos  AC.  Epidemiology  of  venous 
thromboembolism  in  cardiorespiratory  and  infectious 
disease. Am J Med 2008; 121:935-42.
6. Levi M. Current understanding of disseminated intravascular 
coagulation. Br J Haematol 2004; 124:567-76.
7. Cinel I, Opal SM. Molecular biology of inflammation and 
sepsis: a primer. Crit Care Med 2009; 37:291-304.
8. Tsujimoto H, Ono S, Efron PA, Scumpia PO, Moldawer LL, 
Mochizuki H. Role of Toll-like receptors in the development 
of sepsis. Shock 2008; 29:315-21.
9. Markiewski MM, DeAngelis RA, Lambris JD. Complexity 
of complement activation in sepsis. J Cell Mol Med 2008; 
12:2245-54.Medit J Hemat Infect Dis 2010; 2(3): Open Journal System
10. Semeraro N, Colucci M. Inflammation and thrombosis. In: 
Arnout  J,  de  Gaetano  G,  Hoylaerts  M,  Peerlinck  K,  Van 
Geet  C,  Verhaeghe  R,  editors.  Thrombosis.  Fundamental 
and clinical aspects. Leuven: Leuven University Press; 2003. 
p. 433-59.
11. Levi M. The coagulant response in sepsis. Clin Chest Med 
2008; 29:627-42.
12. Monroe  DM,  Key  NS.  The  tissue  factor-factor  VIIa 
complex:  procoagulant  activity,  regulation,  and 
multitasking. J Thromb Haemost 2007; 5:1097-105.
13. Delvaeye M, Conway EM. Coagulation and innate immune
responses:  can  we  view  them  separately?  Blood  2009; 
114:2367-74.
14. Xu  J,  Zhang  X,  Pelayo  R,  Monestier  M,  Ammollo  CT, 
Semeraro  F,  Taylor  FB, Esmon NL, Lupu F, Esmon CT. 
Extracellular histones are major mediators of death in sepsis. 
Nat Med 2009; 15:1318-21.
15. Xu J, Lupu F, Esmon CT. Inflammation, innate immunity 
and blood coagulation. Hamostaseologie. 2010; 30:5-6,8-9.
16. Semeraro  N,  Colucci  M.  Changes  in  the  coagulation-
fibrinolysis  balance  of  endothelial  cells  and  mononuclear 
phagocytes: role  in disseminated  intravascular  coagulation 
associated with infectious diseases. Int J Clin Lab Res 1992; 
21:214-20.
17. Semeraro N, Colucci M. Tissue factor in health and disease. 
Thromb Haemost 1997; 78:759-64.
18. Creasey AA, Chang ACK, Feigen L, Wun T-C, Taylor FB, 
Hinshaw  LB.  Tissue  factor  pathway  inhibitor  reduces 
mortality from Escherichia coli septic shock. J Clin Invest 
1993; 91:2850-60.
19. Moons AH, Peters RJG, ten Cate H, Bauer KA, Vlasuk GP, 
Buller HR, Levi M. Recombinant  nematode  anticoagulant 
protein  c2,  a  novel  inhibitor  of tissue  factor-factor  VIIa 
activity,  abrogates  endotoxin-induced  coagulation  in 
chimpanzees. Thromb Haemost 2002; 88:627-31.
20. Pawlinski  R,  Pedersen  B,  Schabbauer  G,  Tencati  M, 
Holscher  T,  Boisvert  W,  Andrade-Gordon  P,  Frank  RD, 
Mackman  N.  Role  of  tissue  factor  and  protease-activated  
receptors in a mouse model of endotoxemia. Blood 2004; 
103:1342–1347.
21. Xu H, Ploplis VA, Castellino FJ. A coagulation factor VII 
deficiency protects against acute inflammatory responses in 
mice. J Pathol 2006; 210:488-96.
22. Pixley  RA,  De  La  Cadena  R,  Page  JD,  Kaufman  N, 
Wyshock EG,  Chang A,  Taylor  FB  Jr, Colman RW. The 
contact  system  contributes  to  hypotension  but  not 
disseminated intravascular coagulation in lethal bacteremia: 
in  vivo  use  of  a  monoclonal  anti-factor  XII  antibody to 
block  contact  activation  in  baboons.  J  Clin  Invest  1993; 
91:61-8.
23. Yun TH, Morrissey JH. Polyphosphate and omptins: novel 
bacterial  procoagulant  agents.  J  Cell  Mol  Med  2009; 
13:4146-4153.
24. Müller  F,  Mutch  NJ,  Schenk  WA,  Smith  SA,  Esterl  L, 
Spronk  HM,  Schmidbauer  S,  Gahl  WA,  Morrissey  JH, 
Renné T. Platelet polyphosphates are proinflammatory and 
procoagulant mediators in vivo. Cell 2009; 139:1143-56.
25. Kannemeier  C,  Shibamiya  A,  Nakazawa  F,  Trusheim  H, 
Ruppert C, Markart P, Song Y, Tzima E, Kennerknecht E, 
Niepmann  M,  von  Bruehl  ML,  Sedding  D,  Massberg  S, 
Günther A, Engelmann B, Preissner KT. Extracellular RNA 
constitutes  a  natural  procoagulant  cofactor  in  blood 
coagulation. Proc Natl Acad Sci U S A 2007; 104:6388-93.
26. Stief TW, Ijagha O, Weiste B, Herzum I, Renz H, Max M. 
Analysis of hemostasis alterations in sepsis. Blood Coagul 
Fibrinolysis 2007; 18:179-86.
27. Gando  S,  Nanzaki  S,  Sasaki  S,  Aoi  K,  Kemmotsu  O. 
Activation of the extrinsic coagulation pathway in patients 
with severe sepsis and septic shock. Crit Care Med 1998; 
26:2005-9.
28. Gando S, Nanzaki S, Sasaki  S, Kemmotsu O.  Significant 
correlation between tissue factor and thrombin markers in 
trauma and septic patients with disseminated intravascular 
coagulation. Thromb Haemost 1998; 79:1111-5.
29. Gando S, Nanzaki S, Morimoto Y, Kobayashi S, Kemmotsu 
O.  Systemic  activation  of  tissue-factor  dependent 
coagulation pathway in evolving acute respiratory distress 
syndrome  in  patients  with  trauma  and  sepsis.  J  Trauma 
1999; 47:719-23.
30. Colucci  M,  Balconi  G,  Lorenzet  R,  Pietra  A,  Locati  D, 
Donati MB, Semeraro N. Cultured human endothelial cells 
generate tissue factor in response to endotoxin. J Clin Invest 
1983; 71:1893-6.
31. Camerer E, Kolsto, Prydz H. Cell biology of tissue factor, 
the  principal  initiator  of  blood  coagulation.  Thromb  Res 
1996; 81:1-41.
32. Semeraro N, Biondi A, Lorenzet R, Locati D, Mantovani A, 
Donati MB. Direct induction of tissue factor synthesis  by 
endotoxin in human macrophages from diverse anatomical 
sites. Immunology 1983; 50:529-35.
33. Semeraro N, Colucci M. Endothelial cell perturbation and 
disseminated intravascular coagulation. In: ten Cate H, Levi 
M,  eds.  Molecular  mechanisms  of  disseminated 
intravascular coagulation. Georgetown: Landes Bioscience, 
2003:156-90.
34. Ruf W, Riewald M. Regulation of tissue factor expression. 
In:  ten  Cate  H,  Levi  M,  eds.  Molecular  mechanisms  of 
disseminated intravascular coagulation. Georgetown: Landes 
Bioscience, 2003:61-80.
35. Osterud B, Bjorklid E. Blood borne tissue factor (including 
microparticles).  In:  ten  Cate  H,  Levi  M,  eds.  Molecular 
mechanisms  of  disseminated  intravascular  coagulation. 
Georgetown: Landes Bioscience, 2003:81-96.
36. Montemurro  P,  Barbuti  G,  Dundon  WG,  Del  Giudice  G, 
Rappuoli  R,  Colucci  M,  De  Rinaldis  P,  Montecucco  C, 
Semeraro  N,  Papini  E.  Helicobacter  pylori  neutrophil-
activating protein stimulates tissue factor and plasminogen 
activator  inhibitor-2  production  by  human  blood 
mononuclear cells. J Infect Dis 2001; 183:1055-62.
37. Lee WH, Kim SH, Jeong EM, Choi YH, Kim DI, Lee BB, 
Cho  YS,  Kwon  BS,  Park  JE.  A  novel  chemokine, 
leukotactin-1,  induces  chemotaxis,  pro-atherogenic 
cytokines,  and  tissue  factor  expression  in  atherosclerosis. 
Atherosclerosis 2002; 161:255-260.
38. Napoleone E, Di Santo A, Bastone A, Peri G, Mantovani A, 
de  Gaetano  G,  Donati  MB,  Lorenzet  R.  Long  pentraxin 
PTX3  upregulates  tissue  factor  expression  in  human 
endothelial  cells.  Arterioscler  Thromb  Vasc  Biol  2002; 
22:782-7.
39. Ito T, Kawahara K, Nakamura T, Yamada S, Nakamura T, 
Abeyama  K,  Hashiguchi  T,  Maruyama  I.  High-mobility 
group box 1 protein promotes development of microvascular 
thrombosis in rats. J Thromb Haemost 2007; 5:109-16.
40. van  der  Poll  T,  de  Jonge  E,  Levi  M.  Regulatory  role  of 
cytokines in disseminated intravascular coagulation. Semin 
Thromb Hemost 2001; 27:639-51.
41. Esmon CT. Basic Mechanisms and Pathogenesis of Venous 
Thrombosis. Blood Rev 2009;  23:225-9.
42. Francischetti IM, Seydel  KB, Monteiro RQ,  Whitten RO, 
Erexson  CR,  Noronha  AL,  Ostera  GR,  Kamiza  SB, 
Molyneux  ME,  Ward  JM,  Taylor  TE.  Plasmodium 
falciparum-infected  erythrocytes  induce  tissue  factor 
expression in endothelial cells and support the assembly of 
multimolecular coagulation complexes. J Thromb Haemost 
2007; 5:155-65.
43. Bouchard BA, Tracy PB. The participation of leukocytes in 
coagulant reactions. J Thromb Haemost 2003; 1:464-9.
44. Colucci  M,  Stramaglia  AM,  Mascolo  E,  Napoleone  E, 
Lorenzet  R,  Semeraro  N.  Monocytes,  but  not  endothelial 
cells,  downregulate  the  anticoagulant  activity  of  activated 
protein C. Br J Haematol 2001; 112:519-26.
45. Reid PC, Kalafatis M, Camire RM, Simioni P, Tracy PB. 
Adherent blood monocytes delay cleavage of normal factor 
Va and factor VLeiden at Arg306 by activated protein C. 
Blood 1997; 90:146a.Medit J Hemat Infect Dis 2010; 2(3): Open Journal System
46. Rossiello  MR,  Italia  A,  Stramaglia  AM,  Gesualdo  L, 
Grandaliano G, Schena FP, Semeraro N, Colucci M. Fibrin 
down-regulates  LPS- and  PMA-induced  tissue  factor 
expression  by blood  mononuclear cells.  Thromb  Haemost 
2000; 84:453-9.
47. Maugeri N, Brambilla M, Camera M, Carbone A, Tremoli 
E, Donati MB, et al. Human polymorphonuclear leukocytes 
produce  and  express  functional  tissue factor  upon 
stimulation. J Thromb Haemost 2006; 4:1323-30.
48. Ritis  K,  Doumas  M,  Mastellos  D,  Micheli  A,  Giaglis  S, 
Magotti P, Rafail S, Kartalis G, Sideras P, Lambris JD. A 
novel  C5a  receptor-tissue  factor  cross-talk  in  neutrophils 
links innate immunity to coagulation pathways. J Immunol 
2006; 177:4794-802.
49. Moosbauer C, Morgenstern E, Cuvelier SL, Manukyan D, 
Bidzhekov K, Albrecht S, Lohse P, Patel KD, Engelmann B. 
Eosinophils  are  a  major  intravascular  location  for  tissue 
factor storage and exposure. Blood 2007; 109:995-1002.
50. Osterud B,  Rao  LV,  Olsen  JO.  Induction  of  tissue  factor 
expression in whole blood: lack of evidence for the presence 
of tissue factor expression in granulocytes. Thromb Haemost 
2000; 83:861-7.
51. Sovershaev MA, Lind KF, Devold H, Jorgensen TO, Hansen 
JB, Osterud B, et al. No evidence for the presence of tissue 
factor  in  high-purity  preparations  of  immunologically 
isolated eosinophils. J Thromb Haemost 2008; 6:1742-9.
52. Egorina  EM,  Sovershaev  MA,  Olsen  JO,  Osterud  B. 
Granulocytes do not express but acquire monocyte-derived 
tissue factor in whole blood: evidence for a direct transfer. 
Blood 2008; 111:1208-16.
53. Engelmann B, Luther T, Muller I. Intravascular tissue factor 
pathway – A model for rapid initiation of coagulation within 
the blood vessel. Thromb Haemost 2003; 89:3-8.
54. Camera M, Frigerio M, Toschi V, Brambilla M, Rossi F, 
Cottell D, Maderna P, Parolari A, Bonzi R, De Vincenti O, 
Tremoli  E.  Platelet  activation  induces  cell-surface 
immunoreactive  tissue  factor  expression,  which  is 
modulated  differently  by  antiplatelet  drugs.  Arterioscler 
Thromb Vasc Biol 2003; 23:1690-6.
55. Panes O, Matus V, Saez CG, Quiroga T, Pereira J, Mezzano 
D. Human platelets synthesize and express functional tissue 
factor. Blood 2007; 109:5242-50.
56. Schwertz H, Tolley ND, Foulks JM, Denis MM, Risenmay 
BW, Buerke M, et al. Signal-dependent splicing of tissue 
factor pre-mRNA modulates the thrombogenicity of human 
platelets. J Exp Med 2006; 203:2433-40.
57. Butenas S, Bouchard BA, Brummel-Ziedins KE, Parhami-
Seren B, Mann KG. Tissue factor activity in whole blood. 
Blood 2005; 105:2764-70.
58. Osterud  B,  Bjorklid  E.  Sources  of  tissue  factor.  Semin 
Thromb Hemost 2006; 32:11-23.
59. Lynch SF, Ludlam CA. Plasma microparticles and vascular 
disorders. Br J Haematol 2007; 137:36-48.
60. Montemurro  P,  Lattanzio  A,  Chetta  G,  Lupo  L,  Caputi-
Iambrenghi  L,  Rubino  M,  Giordano  D,  Semeraro  N. 
Increased  in  vitro and  in  vivo generation of procoagulant 
activity  (tissue  factor)  by  mononuclear  phagocytes  after 
intralipid infusion in rabbits. Blood 1985; 65: 1391-5.
61. Erlich J, Fearns C, Mathison J, Ulevitch RJ, Mackman N. 
Lipopolysaccharide induction of tissue factor expression in 
rabbits. Infect Immun 1999; 67:2540-6.
62. Osterud    B.  Tissue  factor  expression  by  monocytes: 
regulation  and  pathophysiological  roles.  Blood  Coagul 
Fibrinol 1998; 9 (suppl 1):S9-S14.
63. Mackman N. Regulation of the tissue factor gene. FASEB J 
1995; 9:883-9.
64. Drake TA, Cheng J, Chang A, Taylor FB Jr. Expression of 
tissue  factor,  thrombomodulin,  and  E-selectin  in  baboons 
with  lethal  Escherichia  coli  sepsis.  Am  J  Pathol  1993; 
142:1458-70.
65. Hara  S,  Asada  Y,  Hatakeyama K, Marutsuka  K,  Sato  Y, 
Kisanuki A, Sumiyoshi A. Expression of tissue factor and 
tissue  factor  pathway  inhibitor  in  rats  lungs  with 
lipoposaccharide-induced  disseminated  intravascular 
coagulation. Lab Invest 1997; 77:581-9.
66. Arai A, Hirano H, Ueta Y, Hamada T, Mita T, Shirahata A. 
Detection  of  mononuclear  cells  as  the  source  of  the 
increased  tissue  factor  mRNA  in  the  liver  from 
lipopolysaccharide-treated rats. Thromb Res 2000; 97:153-
62.
67. Pawlinski R, Pedersen B, Kehrle B, Aird WC, Frank RD, 
Guha  M,  Mackman  N.  Regulation  of  tissue  factor  and 
inflammatory mediators by Egr-1 in a mouse endotoxemia 
model. Blood 2003; 101:3940-7.
68. Schoenmakers SH, Groot AP, Florquin S, Reitsma PH, Spek 
CA.  Blood  cell-derived  tissue  factor  influences  host 
response during murine endotoxemia. Blood Cells Mol Dis 
2004; 32:325–33.
69. Pawlinski R, Mackman N. Cellular sources of tissue factor 
in endotoxemia and sepsis. Thromb Res 2010; 125:S70-S73.
70. Franco RF, de Jonge E, Dekkers PE, Timmerman JJ, Spek 
CA, van Deventer SJ, van Deursen P, van Kerkhoff L, van 
Gemen B, ten Cate H, van der Poll T, Reitsma PH. The in 
vivo  kinetics  of  tissue  factor  messenger  RNA  expression 
during human endotoxemia: relationship with activation of 
coagulation. Blood 2000; 96:554-9.
71. Pernerstorfer T,  Hollenstein U, Hansen J, Knechtelsdorfer 
M,  Stohlawetz  P,  Graninger  W,  Eichler  HG,  Speiser  W, 
Jilma  B.  Heparin  blunts  endotoxin-induced  coagulation 
activation. Circulation 1999; 100:2485-90.
72. Semeraro  N,  Montemurro  P,  Chetta  G,  Altomare  DF, 
Giordano D, Colucci M. Increased procoagulant activity of 
peripheral  blood  monocytes  in  human  and  experimental 
obstructive jaundice. Gastroenterology 1989; 96:892-8.
73. Sase T, Wada H, Nishioka J, Abe Y, Gabazza EC, Shiku H, 
Suzuki K, Nakamura S, Nobori T. Measurements of tissue 
factor messenger RNA levels in leukocytes from patients in 
hypercoagulable state caused by several underlying diseases. 
Thromb Haemost 2003; 89:660-5.
74. Idell S, James KK, Levin EG, Schwartz BS, Manchanda N, 
Maunder  RJ,  Martin  TR,  McLarty  J,  Fair  DS.  Local 
abnormalities  in  coagulation  and  fibrinolytic  pathways 
predispose to alveolar fibrin deposition in adult respiratory 
distress syndrome. J Clin Invest 1989; 84:695-705.
75. Semeraro  N,  Triggiani  R,  Montemurro  P,  Cavallo  LG, 
Colucci M. Enhanced endothelial tissue factor but normal 
thrombomodulin  in endotoxin-treated rabbits. Thromb Res 
1993; 71: 479-86.
76. Lupu  C,  Westmuckett  AD,  Peer  G,  et  al.  Tissue  factor-
dependent coagulation is preferentially up-regulated within 
arterial branching areas in a baboon model of Escherichia 
coli sepsis. Am J Pathol 2005; 167:1161–1172.
77. Brown KA, Brain SD, Pearson JD, Edgeworth JD, Lewis 
SM, Treacher DF. Neutrophils in development of multiple 
organ failure in sepsis. Lancet 2006; 368:157-69.
78. Todoroki H, Nakamura S, Higure A, Okamoto K, Takeda S, 
Nagata  N,  Itoh  H,  Ohsato  K.  Neutrophils  express  tissue 
factor in a monkey model of sepsis. Surgery 2000;127:209-
216.
79. de  Waard  V,  Hansen  HR,  Spronk  HH,  Timmerman  JJ, 
Pannekoek  H,  Florquin  S,  Reitsma  PH,  ten  Cate  H. 
Differential expression of tissue factor mRNA and protein 
expression  in  murine  sepsis.  The  role  of  the  granulocyte 
revisited. Thromb Haemost 2006; 95:348-53.
80. Celi A, Pellegrini G, Lorenzet R, DeBlasi A, Ready N, Furie 
BC, and Furie B. P-selectin induces the expression of tissue 
factor  on  monocytes.  Proc  Natl  Acad  Sci  USA  1994; 
91:8767-71.
81. Wang JG, Manly D, Kirchhofer D, Pawlinski R, Mackman 
N.  Levels  of  microparticle  tissue  factor  activity  correlate 
with coagulation activation in endotoxemic mice. J Thromb 
Haemost 2009; 7:1092-8.Medit J Hemat Infect Dis 2010; 2(3): Open Journal System
82. Nieuwland  R,  Berckmans  RJ,  McGregor  S,  Boing  AN, 
Romijn FP,  Westendorp RG, Hack CE, Sturk  A. Cellular 
origin  and  procoagulant  properties  of  microparticles  in 
meningococcal sepsis. Blood 2000; 95:930-5.
83. Aras  O,  Shet  A,  Bach  RR,  Hysjulien  JL,  Slungaard  A, 
Hebbel  RP,  Escolar  G,  Jilma  B,  Key  NS.  Induction  of 
microparticle- and cell-associated intravascular tissue factor 
in human endotoxemia. Blood 2004; 103:4545-53.
84. Esmon  CT.  Inflammation  and  thrombosis.  J  Thromb 
Haemost 2003; 1:1343-8.
85. Nawroth  PP,  Handley  DA,  Esmon  CT,  Stern  DM. 
Interleukin  1  induces  endothelial  cell  procoagulant  while 
suppressing  cell-surface  anticoagulant  activity.  Proc  Natl 
Acad Sci USA 1986; 83:3460-4.
86. Laszik Z, Carson CW, Nadasdy T, Johnson LD, Lerner MR, 
Brackett DJ, Esmon CT, Silva FG. Lack of suppressed renal 
thrombomodulin  expression  in  a  septic  rat  model  with 
glomerular thrombotic  microangiopathy.  Lab  Invest 1994; 
70:862-7.
87. Redl H, Schlag G, Schiesser A, Davies J. Thrombomodulin 
release  in  baboon  sepsis:  its  dependence  on  the  dose  of 
Escherichia Coli and the presence of tumor necrosis factor. J 
Infect Dis 1995; 171:1522-7.
88. Esmon CT. The endothelial cell protein C receptor. Thromb 
Haemost 2000; 83:639-643.
89. Levi M, Dörffler-Melly J, Reitsma P, Buller H, Florquin S, 
van  der  Poll  T,  Carmeliet  P.  Aggravation  of  endotoxin-
induced disseminated intravascular coagulation and cytokine 
activation in heterozygous protein-C-deficient mice. Blood 
2003; 101:4823-7.
90. Rosenberg  RD,  Aird  WC.  Vascular-bed-specific 
haemostasis  and  hypercoagulable  states.  N  Engl  J  Med 
1999; 340:1555-1564.
91. Macias  WL,  Nelson  DR.  Severe  protein  C  deficiency 
predicts early death in severe sepsis. Crit Care Med 2004; 
32:S223-S8.
92. Wada  H,  Mori  Y,  Shimura  M,  Hiyoyama  K,  Ioka  M, 
Nakasaki T, Nishikawa M, Nakano M, Kumeda K, Kaneko 
T,  Nakamura  S,  Shiku  H.  Poor  outcome  in  disseminated 
intravascular  coagulation  or  thrombotic  thrombocytopenic 
purpura  patients  with  severe  vascular  endothelial  cell 
injuries. Am J Hematol 1998; 58:189-94.
93. Faust SN, Levin M, Harrison OB, Goldin RD, Lockhart MS, 
Kondaveeti  S,  Laszik  Z,  Esmon  CT,  Heyderman  RS. 
Dysfunction  of  endothelial  protein  C  activation  in  severe 
meningococcal sepsis. N Engl J Med 2001; 345:408-416.
94. Kotajima  N,  Kanda  T,  Fukumura  Y,  Kobayashi  I.  Serum 
thrombomodulin  as  a  prognostic  marker  of  disseminated 
intravascular coagulation. J Med 1999; 30:19-29.
95. Saito  M,  Asakura  H, Jokaji  H,  Uotani  C,  Kumabashiri  I, 
Morishita E, Yamazaki M, Yoshida T, Aoshima K, Matsuda 
T. Haemostatic and fibrinolytic parameters in septic patients 
with  leukopenia  or  leukocytosis.  Eur  J  Haematol  1995; 
54:176-179.
96. Kurosawa S, Stearns-Kurosawa DJ, Carson CW, D'Angelo 
A, Della Valle P, Esmon CT. Plasma levels of endothelial 
cell protein C receptor are elevated in patients with sepsis 
and systemic lupus erythematosus: lack of correlation with 
thrombomodulin  suggests  involvement  of  different 
pathological processes. Blood 1998; 91:725-6.
97. Liaw PC, Esmon CT, Kahnamoui K, Schmidt S, Kahnamoui 
S, Ferrell G, Beaudin S, Julian JA, Weitz JI, Crowther M, 
Loeb M, Cook D. Patients with severe sepsis vary markedly 
in their ability to generate activated protein C. Blood 2004; 
104:3958-64.
98. Mosnier LO, Zlokovic BV, Griffin JH. The cytoprotective 
protein C pathway. Blood 2007; 109:3161-72.
99. Shimokawa  T,  Yamamoto K,  Kojima T,  Saito  H.  Down-
regulation of murine tissue factor pathway inhibitor mRNA 
by endotoxin  and tumor necrosis factor-alpha in vitro and in 
vivo. Thromb Res 2000; 100:211-21.
100. Tang H, Ivanciu L, Popescu N, Peer G, Hack E, Lupu C, 
Taylor  FB  Jr,  Lupu  F.  Sepsis-induced  coagulation  in  the 
baboon  lung  is  associated  with  decreased  tissue  factor 
pathway inhibitor. Am J Pathol 2007; 171:1066-77.
101. de Jonge E, Dekkers PE, Creasey AA, Hack CE, Paulson 
SK, Karim A, Kesecioglu J, Levi M, van Deventer SJ, van 
Der  Poll  T.  Tissue  factor pathway  inhibitor (TFPI)  dose-
dependently  inhibits  coagulation  activation  without 
influencing  the  fibrinolytic  and  cytokine  response  during 
human endotoxemia. Blood 2000; 95:1124–9.
102. Park  T,  Creasey  A,  Wright  SD.  Tissue  factor  pathway 
inhibitor blocks cellular effects of endotoxin by binding to 
endotoxin  and  interfering  with  transfer  to  CD14.  Blood 
1997; 89:4268-74.
103. Colucci M, Paramo JA, Collen D. Generation in plasma of a 
fast-acting inhibitor of plasminogen activator in response to 
endotoxin stimulation. J Clin Invest 1985; 75:818-24.
104. Quax  PH,  van  den  Hoogen  CM,  Verheijen  JH,  Padro  T, 
Zeheb R, Gelehrter TD, van Berkel TJ, Kuiper J, Emeis JJ. 
Endotoxin  induction  of  plasminogen  activator  and 
plasminogen activator inhibitor type 1 mRNA in rat tissues 
in vivo. J Biol Chem 1990; 265:15560-63.
105. Moll S, Schifferli JA, Huarte  J, Lemoine R, Vassalli  JD, 
Sappino AP. LPS induces major changes in the extracellular 
proteolytic balance in the murine kidney. Kidney Int 1994; 
45:500-8.
106. Yamamoto  K,  Loskutoff  DJ.  Fibrin  deposition  in  tissues 
from endotoxin-treated mice correlates with decreases in the 
expression  of  urokinase-type  but  not  tissue-type 
plasminogen activator. J Clin Invest 1996; 97:2440-51.
107. Colucci  M,  Zoja  C,  Remuzzi  G,  Semeraro  N.  Reduced 
fibrinolytic  activity  in  glomeruli  isolated  from  rabbits 
infused  with  tumor  necrosis  factor.  Haemostasis  1993; 
23:173-8.
108. Pinsky DJ, Liao H, Lawson CA, Yan SF, Chen J, Carmeliet 
P,  Loskutoff  DJ,  Stern  DM.  Coordinated  induction  of 
plasminogen activator inhibitor-1 (PAI-1) and inhibition of 
plasminogen activator gene expression by hypoxia promotes 
pulmonary  vascular  fibrin deposition. J  Clin  Invest  1998; 
102:919-28.
109. Levi  M,  van  Der  POLL  T,  ten  CATE  H,  Kuipers  B, 
Biemond BJ, Jansen HM, ten CATE JW. Differential effects 
of anti-cytokine treatment on bronchoalveolar hemostasis in 
endotoxemic  chimpanzees.  Am  J  Respir  Crit  Care  Med 
1998; 158:92-98.
110. Chapman  HA,  Yang  XL,  Sailor  LZ,  Sugarbaker  DJ. 
Developmental  expression  of  plasminogen  activator 
inhibitor type 1 by human alveolar macrophages. Possible 
role in lung injury. J Immunol 1990; 145:3398-405.
111. Pralong G, Calandra T, Glauser MP, Schellekens J, Verhoef 
J,  Bachmann  F,  Kruithof  EK.  Plasminogen  activator 
inhibitor  1:  a  new  prognostic  marker  in  septic  shock. 
Thromb Haemost 1989; 61:459-62.
112. Mesters RM, Flörke N, Ostermann H, Kienast J. Increase of 
plasminogen activator inhibitor levels predicts outcome of 
leukocytopenic patients with sepsis. Thromb Haemost 1996; 
75:902-7.
113. Madách K, Aladzsity I, Szilágyi A, Fust G, Gál J, Pénzes I, 
Prohászka  Z.  4G/5G  polymorphism  of  PAI-1  gene  is 
associated with multiple organ dysfunction and septic shock
in  pneumonia  induced  severe  sepsis:  prospective, 
observational, genetic study. Crit Care 2010; 14:R79. Epub 
2010 Apr 29. 
114. Lorand L. Factor XIII: structure, activation, and interactions 
with  fibrinogen  and  fibrin.  Ann  NY  Acad  Sci  2001; 
936:291-311.
115. Wolberg AS. Thrombin generation and fibrin clot structure. 
Blood Rev 2007; 21:131-42.
116. Mosnier  LO,  Bouma  BN.  Regulation  of  fibrinolysis  by 
thrombin  activatable  fibrinolysis  inhibitor,  an  unstable 
carboxypeptidase B that unites the pathways of coagulation 
and  fibrinolysis.  Arterioscler  Thromb  Vasc  Biol  2006; 
26:2445-53.Medit J Hemat Infect Dis 2010; 2(3): Open Journal System
117. Campbell RA, Overmyer KA, Selzman CH, Sheridan BC, 
Wolberg  AS.  Contributions  of  extravascular  and 
intravascular cells to fibrin network formation, structure, and 
stability. Blood 2009; 114:4886-96.
118. Mutch NJ, Engel R, Uitte de Willige S, Philippou H, Ariëns 
RA. Polyphosphate modifies the fibrin network and down-
regulates  fibrinolysis  by  attenuating  binding  of  tPA  and 
plasminogen to fibrin. Blood 2010; 115:3980-8.
119. Semeraro F, Ammollo CT, Semeraro N, Colucci M. Tissue 
factor-expressing  monocytes  inhibit  fibrinolysis  through  a 
TAFI-mediated  mechanism,  and  make  clots  resistant  to 
heparins. Haematologica 2009;  94:819-26.
120. Willemse  JL,  Heylen  E,  Nesheim  ME,  Hendriks  DF. 
Carboxypeptidase  U  (TAFIa):  a  new  drug  target  for 
fibrinolytic therapy? J Thromb Haemost. 2009; 7:1962-71.
121. Ravindranath TM, Goto M, Iqbal O, Florian-Kujawski M, 
Hoppensteadt  D,  Hammadeh  R,  Sayeed  MM,  Fareed  J. 
Plasma thrombin activatable fibrinolysis inhibitor and tissue 
factor pathway inhibitor changes following sepsis. Clin Appl 
Thromb Hemost 2007; 13:362-8.
122. Wang YX, da Cunha V, Vincelette J, Zhao L, Nagashima M, 
Kawai K, Yuan S, Emayan K, Islam I, Hosoya J, Sullivan 
ME, Dole WP, Morser J, Buckman BO, Vergona R. A novel 
inhibitor  of  activated  thrombin  activatable  fibrinolysis 
inhibitor (TAFIa) - part II: enhancement of both exogenous 
and  endogenous  fibrinolysis  in  animal  models  of 
thrombosis. Thromb Haemost 2007; 97:54-61.
123. Muto Y, Suzuki K, Iida H, Sakakibara S, Kato E, Itoh F, 
Kakui  N,  Ishii  H.  EF6265,  a  novel  inhibitor  of  activated 
thrombin-activatable  fibrinolysis  inhibitor,  protects  against 
sepsis-induced  organ  dysfunction  in  rats.  Crit  Care  Med 
2009; 37:1744-9.
124. Binette  TM,  Taylor  FB  Jr,  Peer  G,  Bajzar  L.  Thrombin-
thrombomodulin  connects  coagulation  and  fibrinolysis: 
more than an in vitro phenomenon. Blood 2007; 110:3168-
75.
125. Watanabe R, Wada H, Watanabe Y, Sakakura M, Nakasaki 
T, Mori Y, Nishikawa M, Gabazza EC, Nobori T, Shiku H. 
Activity  and  antigen  levels  of  thrombin  activatable 
fibrinolysis inhibitor in plasma of patients with disseminated 
intravascular coagulation. Thromb Res 2001; 104:1-6.
126. Zeerleder S, Schroeder V, Hack CE, Kohler HP, Wuillemin 
WA. TAFI and PAI-1 levels in human sepsis. Thromb Res 
2006; 118:205-12.
127. Verbon  A,  Meijers  JC,  Spek  CA,  Hack  CE,  Pribble  JP, 
Turner T, Dekkers PE, Axtelle T, Levi M, van Deventer S, 
Reitsma PH, van der Poll T. Effects of IC14, an anti-CD14 
antibody, on coagulation and fibrinolysis during low-grade 
endotoxemia in humans. J Infect Dis 2003; 187:55-61.
128. Emonts  M,  de  Bruijne  EL,  Guimarães  AH,  Declerck  PJ, 
Leebeek FW, de Maat MP, Rijken DC, Hazelzet JA, Gils A. 
Thrombin-activatable  fibrinolysis  inhibitor  is  associated 
with  severity  and  outcome  of  severe  meningococcal 
infection in children. J Thromb Haemost 2008; 6:268-76.
129. Kremer Hovinga JA, Franco  RF, Zago MA,  Ten  Cate  H, 
Westendorp RG, Reitsma PH. A functional single nucleotide 
polymorphism  in  the  thrombin-activatable  fibrinolysis 
inhibitor  (TAFI)  gene  associates  with  outcome  of 
meningococcal disease.  Thromb Haemost 2004; 2:54–57.
130. Agirbasli  M,  Inanc  N,  Baykan  OA,  DireskeneliH.  The 
effects  of  TNF  alpha  inhibition  on    plasma  fibrinolytic 
balance in patients with chronic inflammatory rheumatical 
disorders. Clin Exp Rheumatol 2006; 24:580-3.
131. Silasi-Mansat R, Zhu H, Popescu NI, Peer G, Sfyroera G, 
Magotti  P,  Ivanciu  L,  Lupu  C,  Mollnes  TE,  Taylor  FB, 
Kinasewitz G, Lambris JD, Lupu F. Complement inhibition 
decreases  the  procoagulant  response  and  confers  organ 
protection in a baboon model of E. coli sepsis. Blood 2010 
May 13. [Epub ahead of print].
132. Wang H, Ma S. The cytokine storm and factors determining 
the sequence and severity of organ dysfunction in multiple 
organ dysfunction syndrome. Am J Emerg Med 2008; 26: 
711-5.
133. Aird WC. The role of the endothelium in severe sepsis and 
multiple  organ  dysfunction  syndrome.  Blood  2003; 
101:3765-3777.
134. Sunden-Cullberg  J,  Norrby-Teglund  A,  Treutiger  CJ.  The 
role of high mobility group box-1 protein in severe sepsis. 
Curr Opin Infect Dis 2006; 19:231-6.
135. Ma  AC,  Kubes  P.  Platelets,  neutrophils,  and  neutrophil 
extracellular  traps  (NETs)  in  sepsis.  J    Thromb  Haemost 
2008; 6:415-20.
136. Hatada T, Wada H, Nobori T, Okabayashi K, Maruyama K, 
Abe  Y,  Uemoto  S,  Yamada  S,  Maruyama  I.  Plasma 
concentrations and importance of High Mobility Group Box
protein  in  the  prognosis  of  organ  failure  in  patients  with 
disseminated  intravascular  coagulation.  Thromb  Haemost 
2005; 94:975-9.
137. Zeerleder  S,  Zwart  B,  Wuillemin  WA,  Aarden  LA, 
Groeneveld  AB,  Caliezi  C,  van  Nieuwenhuijze  AE,  van 
Mierlo GJ, Eerenberg AJ, Lämmle B, Hack CE. Elevated 
nucleosome levels in systemic inflammation and sepsis. Crit 
Care Med 2003; 31:1947-51.
138. Holdenrieder  S,  Stieber  P.  Clinical  use  of  circulating 
nucleosomes. Crit Rev Clin Lab Sci 2009; 46:1-24.
139. Abraham  E,  Reinhart  K,  Opal  S,  Demeyer  I,  Doig  C, 
Rodriguez AL, Beale R, Svoboda P, Laterre PF, Simon S, 
Light  B, Spapen  H,  Stone J,  Seibert  A,  Peckelsen  C, De 
Deyne C, Postier R, Pettilä V, Artigas A, Percell SR, Shu V, 
Zwingelstein C, Tobias J, Poole L, Stolzenbach JC, Creasey 
AA; OPTIMIST Trial Study Group. Efficacy and safety of 
tifacogin  (recombinant  tissue  factor  pathway  inhibitor)  in 
severe sepsis: a randomized  controlled  trial. JAMA 2003; 
290:238–47.
140. Warren BL, Eid A, Singer P, Pillay SS, Carl P, Novak I, 
Chalupa  P,  Atherstone  A,  Pénzes  I,  Kübler  A,  Knaub  S, 
Keinecke HO, Heinrichs H, Schindel F, Juers M, Bone RC, 
Opal  SM;  KyberSept  Trial  Study  Group.  Caring  for  the 
critically  ill  patient.  High-dose  antithrombin  III  in  severe 
sepsis:  a  randomized  controlled  trial.  JAMA.  2001; 
286:1869-78.